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SECTION I 

INTRODUCTION 

Volume Two contains detailed background information for  tne simulation 
experiment reported i n  Volume One. 
of the airplane model. In Section I11 the model characteristics are com- 
pared with the tentative powered-lift aimorthiness cr i terfa  developed by 
the STOL Standards Development Working Group (SSDWG) . 
are given ir: Section IV. 
c o m n t s  and written responses to  the pilot  evaluat?on questionnaire. 

Section I1 is a detailed description 

Pi lot  evaluaticiis 
These include transcripts cJf tape-recorded p i lo t  

TR lob'(-3, I1 1 



SECTION I1 

DETAILED M3DEL DESCRIPTION 

This section describes the development of the i .plane model, i t s  
physical characteristics, and the prcsvned operating procedures and f l ight  
limitations. 

The airplane model described i s  referred t o  83 "STtlLX". Although it 
does not repres;ent any specific airplane, considerable care was taken to  
make it as realistic: as possible. 

A. MIDEL DEVELOPMENT 

The basis of the subject ai;craft model was a design arisjng from the 
A i r  Force STOL Tactical Aircraft Investigation (STAI) . 
design used as a s t a r t h g  point was the externally blown flap (EBF) point 
design developed and doscribed i n  Reference 1 .  

The particular 

The original point design was c 150,000 lb gross weight (125,030 lb 
landing weight) cargo and troc:, t r  
33,000 lb. 
system consisting < I f  45 deg double slotted Y i t y l  externally biown by high 
bypass ra t io  turbofan engines. 
i n  FigLire 11-1 

sport with a payload of approxh te ly  

It w a p  a four-engine, kigh-wing a t a I ' n e  with a high l i f t  

The physical characteristics are suwnerized 

The objective !-n modifying this design was t o  produce an airplane :&ich 
just met the proposed SSWG cr i ter ia .  
the simulation began with an increase i n  the approach and land-ing IIap 
deflection from 45 ,'Leg t o  60 deg i n  zrder t o  negotiate a 6 deg glide slope 
( i n  calm a i r )  while maintaining a 10 kt  speed margin end the abif i ty  to  
f l y  down 4 deg steeper ( 7  = -10 dep). While this was a subptantial modif l -  

cation, the aerodynamic data used. for the increased flap angle were closely 
matched t o  the 60 deg flap wicd tunnel data from the same d e s i F  study. 
This match i s  shown i n  F i  ,t*e 11-2. 

The design modifications made for 

TR 1047-3, I1 2 
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Inngitudinal s ta t ic  s tabi l i ty  was se t  using a horizontal t a i l  contri- 
bution based on wind tunnel masurements of M l  effectiveness and downwash, 
and the assumption that the tail-off wing body center of pressure was .1 

ahead of the c.g. This prcvided a representative short-period frequency 
and retention of a stable Cm through stall. 

Longitudinal dynamic s t a b i l i t y  derivatives were estimated using the 
values for another STAI design (Reference 2) and adjusted for the geometry 
used here. 

CL 

Lateral-directional characteristics for the subject a i rcraf t  were those 
of the STI Generic STOL airplane model which are described i n  Reference 3. 
No geometry adjustments were made since the dynaanics were ultimately altered 
by the lateral-directional SAS of Reference 3 ,  which was also used i n  most 
of the previous SmL simulations of this program. 

The propulsion model was based on the engine used in  the point design 
but with nmximn continuous gross thrust increased 10$ from l5,OOO l b  to 
16,500 lb per engine. 
a t  a 10 k t  speed margin above C h .  

order lag of 1 sec. 

This was required t o  provide level f l ight  capability 
Engine response was umdeled by a f irst  

B. DETAILED PHYSICAL DESCRIPTION 

The physical description of the model used i n  the simulation is arranged 
in  the following order: 

e Aerodynamics 

0 Propulsion 

0 Control System 

0 Coc-kpit Instrumentation 

0 Geometry, Mass, and Inertia Characteristics 

0 Performance 

0 Fl igh t  Dynamics. 

TR 1047-3, I1 



The mathematical model was based on the Generic STOL computer program 
described i n  Reference 3, and each of the above elements are described i n  
terns of that program. Where the model i s  complex, as i n  the case of 
aerodynamics and propulsion, only tabulations of model parameters are 
given. The reader is  referred t o  Reference 3 for a complete definition 
of those parameters. 

The model description given inc Jdes the  baseline configuration as w e l l  

as the various configuration modifications used in the simulation. 

1 .  Aerodynamics 

The longitudinal aerodynamics are sunmarized i n  Figure 11-3 by plots 
of lift and drag over the ranges of angle of attack and blowing coefficient 
used in this sinilatioil. 
coefficients which define the model are given i n  Table 11-1. 

referred t o  Reference 3 for  a complete description of the coefficients. 

The complete l i s t  of longitudinal aerodynamic 
The reader i s  

The lateral-directional aerodynamics are identical t o  thoso used i n  
Reference 3. 
defined i n  Reference 3. 

The coefficient values are given i n  Table 11-2 and are 

2. Propulsion 

The propulsion model was designed to  account for  effects of asymetric 

parer, variations i n  thrust with airspeed, and Lagc i n  response of thrust  

t o  throt t le  movement. The structure of the mdel was based on that of 
Reference 3 with numerical values se t  t o  be representative of the STOL-X 

design. 

The essential structure of the propulsion system i s  shown i n  block 
diagram form i n  Fiplre 11-4. 
modeled i n  order to  give independent cockpit revolutions per minute (RPM) 
indications and ram drag effects. 
t o  provide the separate l e f t  side and right side effects required for 
propulsion failure. 
and in  the description of geometrical and iner t ia l  characteristics i n  subwrt 5 .  

Each of the four propulsion units i s  separately 

The blowing coefficients are combined 

This structure i s  detailed i n  the following paragraphs 

TR 1011'7-3, I1 6 





a. = 2.52703 

a = 1.75606 

a = .218064 

bo = 5.66p2 

1 

2 

bl = *oc%!o8186 

be = 1.02056 

c = 3.7494 0 

C = 1.34741 1 

c2 = 9753665 

do = 44.7018 

dl = 16.6602 

92 = -2.82556 

e = .I& 
e = -.a 
e2 = -.x 

0 

1 

fo = .ad 

fl = 0 

f2 = 0 

* These coef‘flcients are defined i n  Reference 3 along with a complete 
description of the Generic STOL airplane model. 
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TABLE 11-2 

K = 1.0 
BO 

= .2m 'n 
$0 

'4;r = 1.529 
0 

= -.01y 

= -02645 

cn 

cn 

'n 

I$ = 1.0 

60 

rO 

PO 

= -.2667 

0 

= 014 
44 

Ac 

0 

= 1.0 

0 

C = -.2561 

%1 
= 1.0 

0 

= -.2410 
BO 

= 0.0 4 
= .80 

= -.542 

Ct 
rO 

PO 

IC = .2005 
Pl 

= -.006675 n C 

5 
n = -1.5075 
Grl 

= .1910 'n 
61 

91 

$1 

C = -.2m 

C = -1 -049" 
1 nr 

= -6.733 

Ac = -.1y1 

1 4i 
K = -.&g 
Ps 

c% = 

= .006007 
$1 

= 1.7028 
1 r 

= 0.0 
P1 

= -1937 =4 = 2.6528 

a = 63944 a6 = .08116 5 

= .30& a7 

= 64447 B2 

= 006981 

These coefficients are defined i n  Reference 3 along with a complete 
description of the Generic STOL airplana model. 
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Figure 11-5. Gross Thrust ana Mass Flow 
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Power for each engine i s  displayed i n  units of percent maximum revo- 
lutions per minute (RPM) . 
thrust, i.e., 

me RPM i s  simply a linear function of gross 

Where €iT is the percentage of maxhum rated gross thrust  

Note that the RPM indication is downstream of the engine lag. 

Similarly the  ram drag is computed separately for each engine. The 

magnitude for each is used as direct applied force acting along the  in- 
stantaneous velocity vector a t  the la teral  position of each engine. 

To model the engine aut asymmretries it was assumed that there were 110 

Then powered-lift Interference effects between the l e f t  and right wings. 
the lift and drag coefficients are  given by: 

cL = 0.5 [.. (cy L e f t  ) + CL (TI 
1 

where 

C (C ) and CD(Cc,) are the symmetrical-thrust Uft 
and drag f’unctions of Figure 11-3. 

L L c  

TR 1047-3, I1 14 



The rollin8 and ya?ng mrrapent coefficient8 were computed Fram. 

The effective moment arm, ye, 9188 8.9 m (29.1 ft) which was the autboaru 
engine location (only failures of an outboard e n g h e  weze cimulated) . 

The values wed in the propulsion portion of the Generic STOL computer 
model of Reference 3 are l is ted in Table 11-3. 

3. ControlSystem 

The control syetem is described below in threa parts: 

0 Pitch axis control 

0 Lateral-directional control 

0 Direct lift control ( D I C ) .  

For the baedLne configuration the pitch a ~ j . 6  was not augrnonted w h i l e  the 
lateral-dirt:tional axe8 were. Pitch augmentation and D E ,  however, were 

used in special cases. 

a. Pitch h i 6  Control: 
in F i m  11-6. 

The pitch &S control SyEtt?IB i s  diagrammed 
With the SAS Witch Off (normal w6ItiOn) the 

control system was a conventional irreversible design. With the 
SAS switch on, the pitch axis control system was attitude cLnmryld 
and the "autotrim" feature could also be used. 

The attitude commnd SAS was used to  reduce pilot  workload in 
the inner loop regulation of pitch attitude. une feature of the 
SAS, however, that should be noted l e  i t 6  relatively slow response 

TR 1047-3, I1 15 



TABLE 11-3 

PROPUISION CHARAC I'ERISTICS* 

6 = 22.0 
T1 

= 2.0 
&O 

= 0.0 

= 150.0 "r 
F5 = 0.0 

% = 

Kp = OoO 

m 

Sh-4 = 1.0 

= 0.0 'e 

ze = 0.0 

* 3ee Reference 3 for detailed description of paremetere. 
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to pitch attitude coamruds. 
of the pitch response to a step att i tude command. The response 

is hea*ly damped and relatively slow. 

Figure 11-7 shows a time history 

With both the SAS switch and the autotrim switch on, the pitch 
axis cantrol system acted to maintain a constant steady state 

flight reference. 
the pitch SAS. 

To do this, a throttle commnd was crossfed to 
This was mechanized as: 

This had the effect of fwther reducing pilot woakload by 

removing the flight reference regulation task. 

For both the nmual and automitic stabilization modes the 
feel characteristics consisted of a breakout and cmstant force 
gradient. The feel characteristics are depicted in Figure a-8. 

b. Iateral-Directional Control: The lateral control system is sbown 
in Figure 11-9. The multi-surface control system, caosisting of 
both ailerons and spoilers, was used to give capabilities typical 
of this type of aircraft. A lateral s t a b i l i t y  and cctltrol -n- 
ta t ion system was normaUy used. The salient features of the 
lateral SAS were the feedback of body axis roll rate, p ~ ,  to 
improve dsmping, and body axis yaw FBI to improve 

spiral Stability. 

The directional control system is di-d in Figure 11-10. 

The main features of the directional SAS were a low psss aileron- 
to-rudder crossfeed t o  reduce adverse yaw, and a pseudo fi feedback - to impMwe turn coordination and increase dutch (i.e., rB 
roll damping- 

Figure 11-11 shows the feel  system characteristics for the 
lateral-directional control system. Just  aa in pitch axis they 
were characterized by only breakout and a constant force gradient. 

TR 1047-3, I1 18 



- 0  - 

-ab 

- m  

- b  

-40 

c 

5i 
-5 

E 
i= 

- -d  

m 

cu 

19 

H i 
e 
Y m 
.m z a 
w 

I 
n 
* 
i>" 
n 

E 

@ m 



Figure 11-8. Loagitudird Feel @stem Chracteristics 

TR 1047-3, I1 20 



.. 
T 
H 
H 

A 

J 
Ti 

2 O  

W 

TR 1047-3, I1 21 



TR 1047-3, I1 22 



1 I I I I 

-8 -4 
I I 

I I 
1 I I I 

2 3 
&D( in. 1 

Figure 11-1 i . Lateral-Dirqctional reel System Characteristics 

7 3  IOhj’-?, I1 25 



c. Direct Lift Control: The DII :  system was used in some experimnts. 
Various lllechanizations were considered. The values of constants 
used are presented in Figure 11-12 along with a block diagram. 
The net effect of the D I E  was to alter s h o r t  term fl ight  path 

response. 
path response time. 

flight path overshoot. The DIX: was mechanized i n  three distinct 
versions, the pa;rruaeters for each version are listed i n  Figure 11-12. 

Moderate amounts of D I C  could be used to enhance fl ight 

Greater amounts were used t o  obtain excessive 

4. C o c k p i t  Ins-tation 

The instrument layout resembled that of a conventional transport air- 
craft. The specific instnuaent arrangement i s  depicted i n  Figures 11-13 
and 11-14. A key is  provided i n  Table 11-4. 

One instrument that was of particular importance to this simulation 
experimnt was the flight referent-e gauge. 
gauge appeared as a circular angle of attack indicator (see Figures 11-13 
and 11-14). Instead of dispLaying angle of attack, however, special forms 
of f l ight reference were displayed. 

h. udly the flight reference 

The nominal flight reference used for STOL-X consisted of a "pseudo art 

mechanization. 
predominately angle of attack with a s m a l l  component added plpportional t o  
thrott le position. Specifically, 

This was so called because the flight reference l a w  was 

u (deg) - .04 bT ($ max) 
C 

FR (units) = I 
a (deg) + .04 bT ($ max) - 1.5 deg OEI 

C 

Upon failure of an engine the f l igh t  reference schem was automatically 
switched from the AEO mode to  OEI. 

A second fl ight reference scheme used was the "peeudo 6". The dynamlcs 
of this reference were related to attitude rather thaa angle of attack 
although the steady state 7 - V relationship for both the pseudo a and 
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1 .  

2. 

3* 

4. 

5 .  

6.  

7-  

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17- 

IO. 

19. 

20. 

21 

22. 

23 

. - -  --, 

TABLE 11-4 

KEY TO INSTRUMENT PANEL LAYOUT 

Clock 

Turn and Bank Indicator 

Trim Button 

Contro’. Wheel 

Flight Reference Indicator 

Airspeed Indicator 

Art i f ic ia l  Horizon 

Horizontal Situation Indicator 

Altimeter 

Instantaneous Vertical Speed Indicator 

Aileron Indicator 

Radar Altimeter 

Accelerometer 

Elevator Position Indicator 

Not Used 

Not Used 

Not Used 

Not Used 

No. 1 Engine RPM 

No. 2 &&ne RPM 

No. 3 Engine FPM 

No. 4 Engine RPM 

Not Used 

24. Not ‘Jsed 

23. Not Used 

26. Not Used 

27. Rudder Pedals 

28. Throttles 

29. Redifon V i s u a l  Scene 
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pseudo 0 fUght references was the same for FR = 0. 

reference law was: 
The pseudo 8 fl ight 

FR = e - ,059 s,,, - .ooogig 6: + 10.91 

No OEI condition was considered for this mechanization. 

5. Geometrical and Inertial  Characteristice 

The geometrical and iner t ia l  characteristics were detemned using the 
point design of Reference 1 .  

some important parameters are l isted in  Figure 11-13. 
SlloL program input parameters are Usted i n  Table 11-3. 
the la t te r  are given i n  Reference 3. 

A three-view drawing of the ai rcraf t  and 
!Fhe related Generic 

Definiticm of 

6 .  Airplane Performance 

The important performance characterist '.cs for the simuhtion model 
are suunnarized by the steady state y - V plots i n  F i g m s  11-16 and 11-17 

for a l l  engines operating and one engine inoperative, respectively. The 
primary contours on these plots are constant pitch attitude, 8, and constant 
power setting, fjT (or NH). 
co.lumn shaker, column pusher, and CL- are shown. 

In addition, contours of flight reference, 

7. Flight Dynamics 

The longitudinal fUght d.Vnamics are described by sets of dimensional 
stabil i ty derivatives and transfer functions for a variety of cases con- 
sidered in the simulation experiment. 
s tabi l i ty  derivatives for the aircraft a t  a variety of fiight path/flight 
reference trim conditions. In general, the variation in  s tabi l i ty  deriva- 
tives i s  smooth enough so that stabil i ty derivatives for intermediate t r i m  
configurations can be determined by interpolation. 
given for a zero sideslip t r i m  condition. 

Table 11-6 presents the dimensional 

The OEI t r i m  point is 
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TABLE 11-3 

GEOMETRICAL AND INERTIAL CEfARAC'IEFUSTICS 

S 

SH 
c = 4.6 m (15.08 f't) 

b = 33.9 m (111.36 ft) 

= 144.0 m2 (1550 ft2) 

= 51.0 m2 (549 ft2) 
- 

= 20.9 m (68.2 ft) % 

lw = - .46 (-1.508 ft) 

lEI = 0 

%I = O 
AE = 0 

% = o  

5 
5 

% = -8.3 m (-27.8 f't) 

z = -.61 (-2.0 ft) 
W 

W = 556027.7 N (125,000 lb) 

= 1.4914 x 10 6 kg-m2 (1.1 X 10 6 slw-fY 2 ) 

= 3.5893 x i o  6 "5-PI 2 (2.5 x i o  6 siw-ft 2 ) 

.27l2 x 10 5 kg-m2 (.2 x 10 6 slug-ft 2 ) 

5 = 4.3386 X 13 5 kg-m2 (3.2 X 10 6 slug-rt2) 

= 

TR 104.r-3, I1 31 



I 

TR i O L y - Z ,  11 

I I 1 I I 



n 

5 
> 

0 Ln 

4 

0 

c 

8 - s  U 

h 

tc 

6 
& 
ff 
3 

I 
I 

Y " 
\ 

L. 

8 

# 
8 
\ 

Q) 
I 

Q 
I 

& 
4 
r( m 
al a 
rl 
v1 

0 
k 
Q) 
N 

0)  
C 
C 



Buallaa 

-6 

63-5 

0 
-3.46 

90.8 

63.3 

-.11m 

--4188 

-09w 

- Ai23 

-.m 
*.% 
-22.49 

.m 

73-1 

-.000166rC 

- .we59 

--319 
- A942 

-.0064b1 

- .w 
-3.956 

.wm 
-.15106 

&Ols083 

8.8 

.w 

8- 

-6 

57-6 
+b 

-935 

93-1 

72 

-.14m 

-.b% 

-0S6gl 

- .- 
- .hog0 

-3g.40 

-23.74 

. 551 

n -1 

- -0001 1203 

- .00=3 

- .aOoBm 
- . w 3  

- .aobul 

-.m 
-3.255 

.0!5Q79 

-.rb&g 

-317 

8.8 

-9515 



Standard dimensional stabil i ty derivatives are presented, alang w i t h  

some additional parameters that  provide an added measure of insight into 

the airplane dynamics. The parameters 2: and 2: are modifications of the 

n o m  Zw and Za stabi l i ty  derivatives which include the effects of trim 

elevator. The term ( I - - ::) i s  the conversion factor used to  so 

modif'y Zw and Za; 

parameter tan-' ( - q X b )  is the eff'ective thrust angle relative t o  the 

velocity vector. 

YI %e 
that is, 2; = (1 - -) Za. The 

The term byc/6pm represents the gearing between the cockpit power 
levers, €ipU, and the percent of maximum gross thrust comnwnded, 6T. 

Table 11-7 presents the transfer functions for the respective t r i m  
points and aircraft  configurations. 
are also presented i n  Table 11-7 and represent the aircraft  a t  its nominal 
configuration. Additionally, transfer functions are given for the  aircraft  
a t  its nominal t r i m  point ( y  = -6 deg, FR = 0, V = 63.5 kt) i n  the  modified 
configurations used i n  the experiment. 
f i g h t  reference, augmenCtation, and use of  DE. 

The five t r i m  points of Table 11-6 

These modifications pertain t o  

C. OPERATIONAL PROCEDURES AND FLIGH!T LIMITATIONS 

The following operational proceaures were developed prior to the simula- 
tion. 
of the SSDWG. These procedures were limited t o  the approach and landing 
phases of f l i g h t .  

They were designed to  explore the limits of the airworthiness cri teria 

1 .  Piloting Technique with A l l  Engines Operating 

Control of f l ight path i n  the ?rerticnl plane required a "STOL" piloting 
technique, that is, throttle was the primary control and pitch attitude was 

secondary. The airfrme Thrust response t o  throtkle had a lag of 1 .C sec. 
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response t o  thrust with pitch attitude held constant was well behaved with 

l i t t l e  overshoot i n  1; (or 7 )  for a step input. 

The flight reference was displayed on the angle of attack gauge. 
pitch attitude had to  be varied to  maintain zero units on the f l ight  

reference 

The 

Lateral fl ight path control was aided by a %urn coordination SAS, thus 
only a small amount of rudder w'as required i n  establishing a turn. 
attitude control was enhanced by a low gain roll damper, and spiral  s tabi l i ty  
was enhanced by feedback of yaw rate t o  the ailerons. 

Roll 

Landings were executed by flaring with power to a target touchdown sink 
rate of .9 m/sec (3  ft/sec) . 
limit was 3 m/sec [ 10 ft/sec] .) Between 15 m (9 ft) and flare initiation, 
pitch attitude had t o  be raised to  nose level i n  order t o  clear the nGse 
wheel a t  touchdown. 

(The assumed structural touchdown sink rate 

Approaches in crosswind components of up to  10 k t  w e r e  permitted. 
Landings had to  be made with the airplane decrabbed. 

2 .  Pilot- Technique with One Engine Inoperative 

Following an engine failure, immediate la teral  control had t o  be applied 
t o  counter the loss of powered l i f t  on the  failed engine side. As l a te ra l  
forces were t r imed out, the nose had t o  be pitched down approximately 4 deg 

t o  reacquire zero flight reference. 
higher approach speed than for  AEO although the fl ight reference indication 
was unchanged. 
original f l ight path angle. 

A continued approach OEI involved a 

An RPM increase of about 4s was required to maintain t3e 

3. Operating Limitations 

The normal approach operating envelope was limited t o  aerodynamic 
flight path angles between -3 deg and -6 deg and a fl ight reference of zero 
units. 
Figure 11-18. 

The resulting glide slope/headwind component envelope i s  shown i n  
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If an engine failure occurred during an approach, the approach could 
have been continued only for an aerodynamic flight path angle of -6 deg. 
For shallmer angles a STOL approach had to  be aborted. 

Other operating limitations are summarized i n  Table 11-8. Maximum 
Emergency continuous power had t o  be se t  with reference to  RPM gauges. 

power could be selected with the throttles on the forward stop. 

"Stall" warning was provided by a column shaker. A column pusher 
served as an a r t i f l c i a i  deterrent. 
the pusher because of the catastmphic nature of a-, i.e., a complete 
loss of lift on one side resulting i n  a sharp r o l l  ecceleration. 

No attempt was to  be mede to  overpower 



TABLE 11-8 

OPERATING LIMITATIONS 

ENGINE RPM 

AIRSPEED (Approach Flaps) 

Vs, idle  power - - - - - - - 79-2  kt  

Vs, max cont pwr - - - - - - 4'1.5 k t  

FLIGHT REFEXENCE 

Minimum approach speed - - - 0 units 

Column shaker, idle power - - 9 

Column shaker, cont :m - 16 

Column pusher - - - - - - .. - 3 units above slwker 

idle power - - - - - - - 
VFE, max cont pwr - - - - - - 

-4  

-2 3 
'FE, 
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This section x - 5bes the S!lYlLX design w i t h  respect to the proposed 
SSWG -ess criteria. It includes consideration of the various 
means of mdLf&hg the design to  affect compliance of bpecific rewrements. 

1 .  Application of "Powered-Lift Criteria" 

STOLX was desigued to operate a t  approximately 7% of its power-off 
stall speed and therefore aet the proposed definition of a powered-lift 

w e  

2. Postulation of Abuses 

AU. values used for the size of abuses were based on the specific 
requirements or suggestions of the SSDWG. 

3. Flight and Operational Technique 

Tne piloting tecM-que assumed throughout was that outlined i n  
Section 11. 

1 .  Defiaition of cmax 

A t  amax this design suffered from an abrupt loss of l i f t  on on2 side 

which was presumably uncontrollable. (This characterirtic was intentional 
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arid viould not necessarily be present i n  the basic airframe design.) 
varied linearly with power as shown i n  Figure 111-1 for AEO and Figure 111-2 

for OEI. 

amax 

2 .  Identification of amax 

A column p s h e r  was used as an a r t i f i c i a l  identification of and dater- 
rent t o  am. The pusher actuated a t  an angle of attack 2 deg lower than 

U 
lIiax' 

3. Definition of Vmin 

For this design V& was defined as the airspeed corresponding t o  the 
t r i m  CL for a given power setting. 

max 

4. W a r n i n g  of Vmin o r  a- 

A column shaker was used as an a r t i f i c i a l  identification at V- or 
5 deg before am, whichever occurred first. 

C. SAFETY MARGINS 

1 .  Margin from Vmin 

The prescribed f l ight  reference value of zero indicated angle of attack 
provided a 10 kt speed margin from C h  w i t h  a l l  engines operating. 
one engine inoperative the margin from C h  increased i n  order t o  meet the 
incremental flight path increment of +2 deg f r o m  a 6 deg angle of descent. 
Speed margins for all engines operating are plotted versus power s e t t i w  i n  
Figure 111-3. 

For 

2. Margin from amax 

The amax margin was ar t i f ic ia l ly  set  such that for FR = 0 there was an 
angle of attack mrgin of arcsin 20 kt/VRef for all engines operating and 
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arcsin 15 kt/VRef for one engine inoperative. This is  shown i n  Figures 

111-1 and 111-2. 

3. Margin f r o m V l v a C L  

for this model w a s  t o  be determined by simulation v K L  

4. Maneuver Capability 

The maneuver capability for all engines operating and F'R = 0 is shown 
N o t e  that the Anz capability was less than the required in Figure 111-4. 

.2 g for a ~ .  power settings in  excess of 81$ %. 

D. APPROACEIPATHCONTROL 

1 .  Definition of Primary and Secondary Controls 

"he primary fl ight path control for approach and landing was power; 
the secondary control was pitch attitude. 

2 .  Steady-State Flight Path Change Capability 

Steady-state f l ight  path change capability i s  sham in Figure 11-16 (AEO) 

and Figure 11-17 (OEI). 

3.  Maneuverability About the Nominal F l i g h t  Path 

The abi l i ty  of the basic STOL-X t o  make a f l ight  path angle change in 
excess of - + 2 deg i n  3 sec is s h m  i n  Figure 111-5. 
attain level flight when starting from flight idle (or other power settings) 
i s  shown i n  Figure 111-6. 
intermediate power setting. 

The t i m e  required t o  

Note that the most c r i t i ca l  case was for an 
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4. F l i g h t  Path Response Lags 

The response of the aircraf t  to  a commanded step input of the primry 
control, acting through engine lags of 0.1, 1 .O, and 2.0 sec, i s  shown i n  

Figures 111-7 through 111-9. The responses are based upon the aircraft 's  
linearized transfer f'unctions . The amplitude and phase characteristics are 
shown in  Figures 111-10 through 111-12. 

of 3 sec was met by the configurations with engine lags of 0.1 and 1 .O sec 
but none of the configurations met the proposed phase lag criterion of 
60 deg or less a t  0.5 rad/sec. 

The r i se  time proposed criterion 

5. Flight Path/Airspeed Coupling 

Figure 111-13 depicts the f l ight  path response of the aircraf t  to  a 
commanded step input of the primary control, both with a step secondary 
control sufficient t o  restore the f l ight  reference and without the secondary 
control input. The secondary control input was made 6 sec af ter  the primary 
control input. Figure 111-14 depicts the same response for the aircraf t  
with a DLC added t o  the control system. 

6. Secondary Control Power 

The f l ight  reference response of the aircraf t  to  a step attitude command 
of 10 deg (acting through a 1 sec control lag) for f l ight  path angles of 

0, -6 (nominal), and -10 deg are shown i n  Figure 111-15. 

tions were fl ight path angle as indicated, FR = 0. Prior to  3 sec, the 
responses for 7 = -10 and 7 = -6 deg were indistinguishable. 

The i n i t i a l  condi- 

7. Control Sensitivity 

Figure 111-16 shows the steady state FR/e and y/6T values for a variety 
of f l ight  path angles and f l ight  reference values. 
tion for 7 = 0 and 7 = -10 represents the maximum and minimum values, 
respectively, of f l ight reference which can be achieved a t  that f l ight path 
angle. 

The " t r i m  limit" indica- 
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8. Attitude Fixed Stability 

With pitch attitude held fixed by the column, the oscillatory mode 
has a damping ratio of 0.89 and thus satisfies the proposed criterion. 

I .  'Jndercarriage Strength Criteria 

Assumed maximum touchdaJn sink rate was 3 m/sec (10 ft/sec), assumed 
target touchdown sink rate was .9 m/sec ( 3  ft/sec). 

2. Recommended Flare Technique 

Power control was primary flare control with attitude control used only 
to achieve and maintain touchdown pitch attitude. 

3. Flight Path Control During Flare 

Short term and steady state fl ight path control characteristics were 
identical to  those of the approach phase. 
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SEdTION N 

P1IX)T EVALUATIONS 

This section contains complete transcripts of taped pilot  comments 
as w e l l  as the written responses t o  the pi lot  evaluation questionnaires. 
These comments are arranged first by pilot, then i n  chronological order. 
An index of the coments showing task, airplane configuration, and date 
is given i n  Table IV-1. Questions not answered on the pi lot  evaluation 
questionnaires w e r e  not retyped, but the  original numbering sequence was 

retained. 
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PIIlYT: A 

nAm: 2-4 December 1974 

PuRFQ$g: FamiUarization (OEI) 

TapED (XNMNTS: 2-4 Dece&er 1974 

These engine out appmaches, the first thing ywu learn on these engine 
losrsea, is that it's s t r ic t ly  an aileron exercise. The thing that happens 
iar tha-k the almraft s t a r t s  to roll -- it 's not ymdng so you don't need 
any rutlbr in there, you need aileron only. As a matter of fact, i f  p u  
gat ruMier tn you increase your drag and increase your problem. So if you 
h e p  your feet on the f b o r  and/or you don't put in any rudder, p u r  problem 
are a lot simpler in terms of l a te ra l  control, anyway, cand controLling side 
slip. It's a Mnd of a 1e-g process t o  letam to push your nose over 
and go through this acceleration maneuver Once ywu're them you have plenty.. . 
once you've accelerated you've W t  plenty of performance and lateral-directional 
control. The lower you get 1;*1 the engine cuts, the more you have t o  be on 
top of it. A t  this point in time even when I ' m  spring loaded knowi.ng I ' m  
going t o  @le t  a cut at  Zlo PI; t o  300 ft,  you've re- got t o  hop t o  it U 
order to  get accelerated and go through your acceleration maneuver and get to 
the rummy. If you're the least bit slow, you're not golng to  make it. We 
did this one cut at 100 ft, I don't know, maybe with some practice you could 
claim that one but that looks like a real  t o w ,  there. 
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PILOT: B 

180 great difflculty flylng angle of attack. I - iznding to, I think, 
fly a b i t  too tightly 00 I t o  begin with and. I wa8 tending to Laoeen off 8. 
b i t  tmvarcb th@ end. &e or two occasions, I found I was resparrclkrrg in the 
wrong sense; when I M a  hi@a I wm tending t o  pitch the noie up t o  met 
the needle. Brrt; apart that, no red prObiemS. 

!Rw dynamics of the aircraft  seem very adequate i n  term6 of pitch and 
roll response. CroraswlnBe, I was haviw no great difflculty in taking the 
drift angle out a t  8 fa i r ly  low altitude, at about the 5Q f't point, Wd-g 
it out on rudldetr an8 the response and the forces wetre e n t i r e 4  Fg(tSonabPg. 
CrosswimU secwd to produce very l i t t l e  problem. 

I hold ctlwculty in,the early stages of appreciating oink. . .I thhk 
h more than h; I thtnk h was reasonably ewy to  appreciate from the fsrprly 
early stage. But I ceJ.tainly hati very U t t l e  feel  for whem the wbelrr 
sere, when I was g o i b  t o  touch dawn. And I found that I ww BslvLsg to 
re4  on the mitar altimeter t o  a leurge extent. Tcrwasds the a, c-, 
I did seem t o  be getting 8 better feel for the h e w t  an8 I was wing thc 
rabr alt%meter a great deal less. 
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tifie r t q  lnput of pitch attitude required near the flare or ir; hc flare 
never really poroch~ced asl~r problems. 
tending t o  w e  the pitch attitude to  t ry  and help me flere. 
rotating the aircraft farther nose up Zn the fbm. 
1 wae get- aut of W.8 and I wa8 making my step hpu t  in pitch attiti.de 
'round about, oh, I'd estimate 50 ft and then jttst holding that  reasonably 
constant. No great workload required. I fouud even towards the en& there 
that I still was us- the AD1 50 give ..E a clue as 'a the pitch attitude 
that I had dialed. No real problems on that. 

I found i n  the early stages that I was 
I was inst-inctively 

I think towards the end 

llApED-: 19 November 1974 

(re OE'I approaches) 

NL.$ cm that one I got the imlp.ession that I regained my flight condition 
msrsambly. 5. got some p e r  on, which is the instinctive thing t o  do; and 
I addt redly get a great divergence in the glide slope during that init ial  
ccmUtion. When grnt get back t o  the new condAtion, there's samer re ldctace 
to t a b  the off, and from that m m t  on I wa6 just  get tbg  a b i t  
fa& an8 a Ut high and 1 was continmusly caning back on the power all t h e  
wayo 80 by the time I went into the f'lare, I was really getting a LOOP on 
it because I thought that  I was coming down fairly eteep with f.drIy low 
power on, tasd the a was 'round about right. So I put some pcsr on in tht? 
f'km t o  help ne around the cOirner. But the fhwe didn't seem too M.d,  
from my point of vim. 

I t ' e  not a terribly easy task LeteraUy. One of the things that str&'-et? 
mer, 
very evfbnt, I seem t o  have @tie a considerable &-If% angle cn and t h i s  
is somtheng; tht you don't get in  a cmmtional airplane. The mount of 
ei&eUp in a commnticmal airplane is comparatively loop aud to  all intents 
durd purposes jwu cm ignore it. Ycru can sti l l  point the airplane a t  the 
puce  at  wfblch you OOasIt t o  land w i t h  no croeawind. 3ut IC this Wng,  it's 
quite apparent that y o u ' t s  got to pick up &is drift, which i~ prersurmab3y 
g u s t  a sideoUp due t o  wymmtric thxwt, or you're instantly &l.:srg;ing off. 
The other thQq lkat is a b i t  difficult i&md.ly is that it's diff icul t  t o  
get a olteadq whedl an@e even wlth a fkirly steady power; you're hunting a 
b i t  %a mu, i t ' r  W c u l t  t o  keep the bmk angle abeolutely coru+.mt, to 
kew the *el mgle comtaat, as8 thls was something, again, that mme out 
of che Vbc tart$, i f  you remnber. 

a t  tiit p d n t  a8 is the increase in power. So really, apart f r a t h e  problems 
we've already mntimd,  it 's a fa i r ly  streAghtforward case, that. 

i t  t3tmCk rn i td. I lg the Vm'S, is thrtt the amCnrnt of S i m l i p  is 

!Che mee-down pltch aad the ilzlttial control inputs are fairly instinctive 

Them engine Wluree -.- flrst of all I flnkl that the effect of the 
engine €ktlure i r  a wee bi t  delayed. As long BLB I don't jump ko m y  premture 
conclrurianr, a6 t o  -4ich engine has falea, there's no problem lu  fb= ion- 
t roUbiUty  hwxliately f o m  the englne failure, I can get the rudder 

to hold the hea&i.ng or to  stop the yaw rate, the diem- l.n to stop the 
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a -- of thrust. 



16. Q -- Which technique did you se?.ect and 

17. Cr -0 What seccn&.ry control zction W L  required for flare? I b w  did t h i s  
affect your selccticm of +;he Tare tecM.que? 

A 0- None, apart from s t q  L input. No o t t m  technfqLs user:. 



k8- Q -- Evaluate a~o\lr abil i ty  to consistently control touchdown position 
aad 8- Pate. 

A -- Xbt ba8 in smooth air, with Wrly aechanical actions. Both 
Ve?y poor in tupbulence due to thrust lags and C/S errom a t  
uimiow. 
fhqtaently 8- but greater thrust would not necessarily 
impmve the situation - the main problem was the thrust'lag. 

* Selections to th@ stop must be p e d s s i b h ;  the present situation 

sink ratas on T/D and Pull thrust sele!ctionsa 

is not acceptable for this type of opraU0a. 

21. Q -- Describe borr flight path abuses effected fLare and landing. 

A -- Don't understand question completely. C/S errors affected 
T/D position 88 already explained. 

24. Q -- Did you experience any particularly set- prlrtd s m  or 
tur?mhnce near touchdown? 
=tim 

If so, how did these affect the above 

A -- Shears - y e s .  Affected rpting very significant3y. 

25. Q -- R d ~ t j . ~ e  to flare arad u, what, i~ apini~a, W- be 
the mjor factors influencing whether or not t h i s  aircraft couad 
be certif'ied. 

rate in turbulence (with shears ) . A -- mt l a p ,  resulting in inconsistent T/D position and sirb 

27. Q -- Would you certificate this aircraft for a l l  or some c f  the operatioaal 
conditione you experienced? If for oaly sane oprcational conditions, 
describe the operational restrictions p? would impose and explain 
why* 

A 0- No, not even for slgooth air .  



A 0- w- 
stat ic vm estaushad wi*& 634@RWatfirerWd.l 

at  bairrg t a b a t  60 lrt (FR &out lzy%?W&ngJ3 ltmBl. 50 bar& 
r -  tzsdau??it€j 
e- va-l@- 
h D L d - & w t a p i a t o  

hdd ht& A d h b U  mll rate m-ble. 0 B8 
eetabmm (68 kt approx.), availsrbls m u  rate was not good 
(I@ - W, i.e. 200 totad i n  4 seconds.) 

'phe tmhique used folloppiag tan enghe f'atlure rn as follows: - ml. - w a i t  un t i l  t x i rud t  re in r o l l  (the &lay s e d  
m s t i c a l l g  long) then apply wheel angle necessary to 
hold wings m1. !i!her@ Waa sbsequentw a SU* PI0 in 
roll. 

- yaw - wait u n t i l  aircraft; res- i n  yaw (again, the 
seemed hmg) thm a- mcbr to ~ l d  zero ars\w rate. 

Pitch/FR - A t  heights of 200 ft or greater, it 9488 hirly in- 

nas increasing reluctance to pitch down as c +,at? fau 

d m  was achieved. 

engines btmediately following failure. A t  the greater fail 
heights, this power increased, whiut holding G/S 
regain of FR then tended t o  get aircraft hkgh and faet  
as there was some reluctance to take power off again 
srufficiently or  ragidly enough. Thue, technique was de- 
veloped of making a smaller power increase fol3owing failure, 
and accepting an error of 1 dot approx. blow G/S for 
reminder of approach. A t  1QO f t  and below A;IIl power was 
applied on remining @ngines, but even this (in absence of 
e correction to regain FR) was insruffkient to prevent very 
hi& sink rates and short t o u c m ,  with stick push 
fairly early i n  flare. 
There were no real lateral or directional controllability 
problems at  61; k t  with f U l  power on remaining 3 engines. 

thus, required crab a@e to track localizer) was very large - 
about 100. Once appreciated this could be se t  up fairly 
easily, but the kick off of this crab in flare added to the 

stinctive Lo pitch - d &** to =* 0 F R O  

h-t 1-0 A t  ID0 Ft andhlaw ld.-- pi- 

- 
- Power - It was instinctive to increase power 011 remaining 3 

Localizer Wacktng - With wings level, the sideslip angle (and 
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A -- None. Very l i t t l e  triiming done. 

A -- FP - yes. Reasonably easy to correct quickly an8 dead beat. 

A 0- 180 unacceptable difflculties. 

13. Q -- What were the met significant effects of golag frorm VFR to IFR? 
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21 

22. 

24 . 

25 

A -- Qlnlg one done - unexpected at 200 ft. I waa pitched adequ&ely 
and a lot of power was applied but eubsequently not taken off 
sufficiently. "Us gave a very deep fast T/D. 

Q -- Describe haw fU$ht path abuses affected flare and IaruUng. 

A -- 100 abuaes deliberately- held to flare w i n b w .  

Q -- Did you experience arqr particularly severe WiDd shears or tusbuleJnce? 
near touchdown? If so, hoop did these affect the 8bove rating? 

A -- Seemed fewer severe share than yesterday- Wds ingffeesion 
may be due to lower lags. 

Q -- Relative to flare and landing, *that, in your opMon, would be 
the major factors in f lmncing whether or not W e  &craf% could 
be certified. 

A -- (a) mt bgs giving a loose control of 6 in flare. 

(b) meet of e errors OR consistency of flare profile. 



A -- Rarely. Not really. 

A -- 1. FP retsgarrrae criteria appear to be in right ball  park. 
2. Wame mfA.ng for calm air wttb reat;lced ehrmst lag i s  thou@.?at 

' to be 8ue to  tbe rather m?chanidL technique, &@et3 yes- 
(ath - lags), plus the -tar variability of 8 on T/D 
** 
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1. Q -- Describe the technique you wed to nmk~ flight path ctxtz-ectioss. 

X -- TBrmst changes -- frequently large to counter severe sheass. 

2. Q 0- Describe the technique you used to make flight r-femnce corrt?ctions. 

3. Q -- Describe m y  dif"?.ctilties you had in fflght path or fU@lt 
ref@WtrrCS c o m c ~ o n e  

A -- FP - surprisingly tight control considerJng severity of shears 
FR - see above. No difficulty holdkhg e approximately cor~8tan-t. 

4.  Q -- Was there noticeable control cross coupling? If yes, describe it 
titad how it affected fIAf$t path/f'Aght reference ccmtrol. 

5 Q -0 Evaluate throttle sensitivity and thrust RMW&IAS (up and down), 

A -- Acceptable. 
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6. Q -- Describe the effects of turbulence level on fl ight pat);/f;tght 
r e f e m c e  control. 

A -- FP - large thrust changes, which m r  produced ar osstllatory 
heave situation. No real  p r o b h .  

FR - very active. Ignored. 

9. Q -- EEOW tightly did you regulate flight path/fU.@t reference and pslun 

1 A -- FP- aiming generally for + - dot, but short t e r m  errors up t o  
I dot were *equentu-skn. 

were made following h g e  powe? changes. 
FR - dAdm't! But 0 WPIB held wit- 2 deg - =bit- 8 bmtS 

11 Q -- D i d  you try any deliberate f l ight  reference or flight path abuses? 
. Sf yes, describe the effects of the abuses on the aircraft 

c M c t e s k s t i c s  . 

12. Q -- Describe any d i f f l d t i e s  i n  hit t ing a reasonable 2lare window. 

A -- No real aifficult ies bearing in mind level of turbulence. 

13. Q -- Wbat were the mest significant effects of going from VFR to  IE'R? 

A -- High workload; turbulence was affecting 8, cp, glide slope, and 

Heading errors bui l t  up rapi.dly with no appamnt 
heading (and thus localizer) All suffered, but localizer tracking 
most of all. 
motion CURB. 

14. Q -- Relative t o  the approach task, what, i n  your opinion, would be the 
mjor fbctors influencing whether or not this aircraft cauldl be 
certified. 

A -. ) Holding constant e, there is 80m un@~se on adeqwcy of a 
margins (though no shaker operation occurred) . 
vlrwl a t  200 f.1; can be sorted out with relative ease.) 

2 )  IFT( WorklOacL. (- off-coation aituatiow going 

(Flare an8 Lanairrg) 

HJnt Ratings: Calm Air = (none evaluated) 
TurbuJence = 7-8 
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29. Q -- Describe the effects of other 0fl-nodaa.l ccmd&tions (e+, flight 
reference or power) at  the flare wi,ndow on epiet flare chuiracterir~ticr. 

A -- Thee, effects were dominated by atamspherics in flare itself. 

26, Q -0 Did the Uteral-directional characteristics eigniflcantly affect 
your evaluation? If y e s ,  describe. 

R -- No. 
27. Q -- W o u l d  you certificate this aircraft for all or some of the open - 

ktonal conditions you experienced? 
conditions, de8crLbe the operational restrictions you would inr'pose 
and explain why. 

If for only ~ o m e  operational 



28. Q -- Do you feel you have had sufficient trahbg for this configuration? 
How mnfident are you of the above e V a l U a t i O i d ?  

A -- l’ea. Fairly confident. 

86 



DAvIAmxs FROM 
BASIC MIDEL: Plight R e f m c e  Redefined as 75 kt US, and OEI 

using 

only, vFR* 

engines conditions of 75 kt, 6 deg nominal 7, -10 deg 8, 

Mild turbulence -4 deg FR, 88q6; nmintaining speed and 9 af ter  failure. 

In ternoS of pitch and heave control, this was simple. F a i l u r e  produced 

no change of IAS or 8 ,  and increased roll could be compensated easily with 
fairly small power increase. Even late failures produced no additional 
touchdown position or sink rate problems. (Flare was made on 9 - this 
was not ideal as large 8 change required reduced VTsual cues of 6 and h). 
However, there was a tendency to  develop a PI0 in roll following failure 
at  100 ft and belaw, and roll inputs had to be made slowly and deliberately 

to avoid this. 
(based on control deflection) was no better and possibly worse than the 
lower speed (64 k t )  case even when this lower speed was maintained (which 
tended to be the case with failures at  low height). 

The impression was also gained that the margin above V= 
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PILOT C 

RAm: 

PURPOSE : Familiarization 

DEVIATIONS FROM 

1 2-1 5 November 1 974, 18-1 9 November 1 974 

BASIC MIDEL: Overall engine lag increased by 1 second 

TAPE3 C0MMEW.S: 14 November 1974 

My only comment on this series of approaches would he the fac t  "--at t ie 
very short ti= that the pi lot  i s  allowed t o  make various decisions during 
the last 100 f't -- things happen a l i t t l e  too fast to  be able t o  s o r t  out 
properly the necessary power requirements i n  order t o  assure a good touch- 
down. So, other than practicing here and I do fee l  we do s t i l l  have some 
problems with the Redifon -- t he  ratcheting -- I think the visual scene tends 
t o  mislead -- t o  give misleading cues as far as altitude i s  concerned. And 
a l l  these things come together, it seems, right now a t  least, to be an 
almost impossible task t o  land this airplane consistently withia the touch- 
down zone with acceptable vertical  speeds. 

TAPED COMMEN!E: 15 November 1974 

I've only one comment on the a l l  engines operating, straight i n  approach 
and landing: I noticed a significant difference in qr abi l i ty  t o  make good 
the target touchdown zone with the GPI moved closer t o  the  runway threshold. 
I assume i t ' s  s t i l l  there. 
touchdown zone more consistently. No big problems with calm or moderate or 
rather light turbulence, i t ' s  jus t  a matter of coordination of nose up 
att i tude with application of parer -- smooth but a t  a f a b l y  gocd rate. To 
touch down, the  technique I use is, a t  f lare height with the power applica- 
tion, I begin increasing power and continue to  increase power un t i l  I've 
touched down. There's no big difference i n  the crosswind cases other than 
the decrabbing a t  the higher altitude. I was decrabbing a t  a iower alt i tude 
jus t  prior t o  f lare  and it didn't work out so good so I began t o  decrab a t  
a higher altitude, about 1 5 0  f't or so, and it jus t  required almost the Wings 
level att i tude there with a sl ight amount of rudder. No problem with the 
crosswind i n  moderate turbulence. 
turbulence was, of course, the added workload -- the added uncertainty of 
w h a t  t o  do with the power during the flare, I don't know I f  this w i l l  improve, 
It certainly would improve with pilot  proficiency but there's s t i l l  an area 
there where the pilot  needs more help than he's ever going t o  get. 
case Like this ,  i t ' s  unpredictable what the parer requiremepts really are. 

It had proved to  be and I was able t o  h i t  the 

The only additional problem with the 

In a 
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It's sort  of like h i t  and miss, you guess a t  it and hope for  the best. So 
it's a very high workload, the pilot  needs some power coniaands 
flare, I think, I don't kncxv how you'd t i 0  it but it could c w  help me. 

the 

The engine out cases, the first  one I experienced, I over-reacted, I 
m r c o m c t e d .  The fUal opinion I have right pow w i t h  engine out is it is 
certainl;r 3 heavy workload; it is nrruragenble, it's flyable, w i t h  regard t o  
keeping the airplane under control. However, fkom what I've seen, it would 
be highly u n l i l y  that the pi lot  could, w i t h  any consistency at all, h i t  
the touchdawn zone with an engine out. But it i s  controllable, it flies quite 
well if you don't overcorrect. It reqyired a slight amount of roll and q 
l i t t l e  rudder once you've got the thing established then ywu can alway8 come 
back wings level and, w i t h  your pitch over, it lpadntains your new airpipeed 
fa i r ly  well, for flight reference. If you fly your new flight reference, 
and there's very l i t t l e  difference i n  the power re-, once you get 
estabushed for  the engine out and it's standard procedure after that, other 
than hitt ing the target touchdown zone. 

TAPEXI COMMENTS: 18 November 1974 

On the engine cuts, the i n i t i a l  transient is not bad here. 
abrupt pitch up indication, flight reference is high, and you p?tch over; 
and that's pretty straight forward. 
but it's, I would say, satisfactory -- that portion of the engine failure. 
Identification of the engine has been somewhat the problem t o  me. 
I don't get the proper asymtnetry t o  identify the engine and Bob has been 
calling it out; but I feel  that i f  he waited about calling it out I may be 
searching for the proper indication of w h i c h  engine is out. 
some problems t o  the overall task, I think, too much delay in that. Bu t  
the i n i t i a l  thing i s  t o  pitch over and get the flight reference and that 
isn' t  d i f f icul t  t o  do. A t  the altitudes of 400 or above, the 300 ft engine 
cut is...the lower you get, it simply adds t o  the pilot 's  task. Th? 200 f t  
engine cut i s  probably, a t  this point i n  my learning curve, about the most 
I can expect t o  cut. With 200 f t ,  la teral  control becomes a problem i n  the 
flare. The lower the engine cut the more la teral  problem you seem t o  have 
i n  the flare. 
So, that's the only comment I have r ight  now. 

YGU get an 

It requires almost immediate attention 

Init iall$ 

T h a t  could add 

There jus t  doesn't seem t o  be time t o  square it a l l  amy. 

WRITTEN COMMENTS: 15 November 1974 

1 .  Q -- Describe the technique you used t o  makc. f l i g h t  path corrections. 

A -- I was attempting to make f l i g h t  path corrections with power only-  
works good i n  calm a i r  - some difficulty in  determining how much 
power i s  required when turbulence i s  added. 
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2. Q -- Descpibe the technique you used t o  make fl ight reference corrections. 

A -- Pitch for FR - calm air required 0 = 3.5 2 2.5 
turbulence required e = 3.5 2 a m .  5 

3. Q -- Describe any difYiculties you had i n  making flight path or  flight 
reference corrections. 

A -- Turbulence added to p i h t  workload, malting both FP and FR very 
dimcult to hold. 

4. Q -- Was there noticeable control cross cc.lpling? If yes, describe it 
and how it affected f l igh t  perthlflimt reference control. 

A -- a0 objectionable cross coupling w i t h  small power changes (less 
than 2$); however, there was always some r e t r i m  necessary after 
large power changes greater than 2$. 

6. Q -- Describe the effects of turbulence level on flight path/flight 
reference control. 

A -- Significant increase in workload due t o  constant power changes 
requiredto maintain acceptable FP. 
FR and not work so hard t o  maintain near zero. 

Decided t o  live w i t h  - + 4 on 

8.  Q -- Describe the effects of crosswinds on fUght pa.th/flight reference 
control. 

A -- No significant effects beyond the addedworkload to  maintain 
directional control. FP and FR, i n  themselves, were not effected 
by crosswinds. 

9. Q -- How tightly did you regulate fl ight path/flight reference and why? 

A -- In  the beginning I was attempting t o  regulate FR as tight as 
possible along with FP, but la te r  decided to fly FP as close as 
poesible and monitor FR not to  exceed - f 4. 
the best overall results 

This seemed t o  get 

10. Q -- Describe any difficulties i n  trimming the aircraft. 

A -- No diff'iculties i n  t rh r ing ,  but lots of trimming is required i f  
you expect t o  fly a tight FR. 
rather the frequency of trimming task. 

Not the amount of t r i m  but 

11. Q -- D i d  you try any deliberate flight reference or flight path abuses? 
If yes, describe the effects of the abuses on the aircraft  
characteristics. 

A -- None, other thana- i n  the beginning for st ick shaker Rnd pusher. 
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12. Q -- Describe any aifflculties i n  hitting a reasanable f b  d a w .  

A -- Not too bad in calm VF'R. High workload in  turbulence ( I $ ) .  
Very often found m y s n  high or low on G/P a t  9 ft height. 

13. Q -- What were the mbst significant effects of going from VF'R to IFR? 

A -- Directional control added t o  workload and resulted in hitt ing 
a good flare whdow less often. 

14. Q -- R e l a t i v e  t o  the approach task, what, in your opinion, wuld be 
the major factors influencing whether or  not this aircraft could 
be certified. 

A -- Poor handling qualities in turbulence - translated t o  workload. 

(Flare and Landing) 

15. Q -- Describe in  detai l  a l l  flare techniques which you tried. 

A -- (1 ) A t  f lare height, pitch up to 0 = 0 and control sink rate 
with additional power. 
power t o  TD but this is very difficult t o  regulate during 
the flare t o  assure not exceeding 100s. 

Pitch up beyond 0 = 0 and power i n  a mre conventLona1 way. 

I found it best t o  continue adding 

(2) 

16. Q -- Which technique did you select and why? 

A -- I selected (1 )  as the better because I had better control of sink 
rate using only power. 
you be fast  i n  the flare. 

( 2 )  would be a better technique should 

17. Q -- What secondary control action was required for flare? How did this 
affect your selection of the flare technique? 

A -- Using the (1 )  technique, pitch was secondary af ter  the i n i t i a l  
pitch up. 

18. Q -- Evaluate your abi l i ty  to  consistently control touchdown position 
and sink rate. 

A 0- Fa i r  i n  calm. Poor i n  turbulence. 

Q -- Describe any problems encountered during O E I  f lare and landings. 

- - 
20. 

A -- I had lateral  control problem which I never really solved. I 
showed some improvement with practice but never could consistently 
control TD position or sink rate. 
low on FP after failure below 400 f't. 

Always short and hard. Alwciys 
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24. Q -- Did you experience any s r t i c u l a r l y  severe wind shears or 
turbulence near touchdown? If so, how did these affect the 
above rating? 

A -- On one landing I experienced a shear equal t o  a .3$ probability. 
I had no control over sink rate or  position and resulted i n  being 
short and hard. 

25. Q -- Relative to flare and landing, w h a t ,  i n  your opinion, would be 
the major factors influencing whether or not th i s  a i rcraf t  could 
be certified. 

A -- Lack of good control of sink rate during the flare seems to be the 
major factor - should be limited to some small amount of turbulence. 

(General) 

26. Q -- D i d  the lateral-directional characteristics significantly affect 
your evaluation? If yes, describe. 

A -- Yes, for Om. Too much uncontrollable drift during the flare. 

27. Q -- Would you certificate this aircraft  for a l l  or some of the opera- 
t ional conditions you experienced? 
conditions, describe the operational restrictions you would impose 

If for only some operational 

and explain why. 

A -- (1  ) No operation i n  tur>iLence worse than lo$ - because of 
workload and hard landings, and outside of TD zone. 

(2) No STQL mode operation with failed power plant. 
maintain accepkble FP (low) when failure occurs below 400 f t .  
Unable t o  control ?D position or  sink rate t o  an acceptable 
level. 

Unable to  

28. Q -9 Do you feel  you have had sufficient training for t h i s  configuration? 
How confident are you of the above evaluations? 

A -- My performance w a d  no doubt improve with practice but I feel  
fa i r ly  confident of the evaluation. 

29. Q -- Any additional comments? 

A -- I understand that the characteristics of this model i s  representa- 
t ive of the worse airplane which could be certificated under the 
requirements which were proposed by the Worklng Group. 

My only comment is, "what went wrong?" 
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P1ZX)T C 

DAm: 20-21 November 19'74 

PURPOSE: Airworthiness Ehlmt ion  

DEVIA!J!IOlV FROM 
BASIC MIDEL: Fl igh t  condition a t  FR = -4 units 

21 November 1974 TAPED COMMEP, >: 

That was a shCl.low approach. Fromthe standpoint 0- compming the 
shallow approach t o  the steep approach, my opinion is  that the shallow one, 
overall, i s  an easier task because you simply have more t i m e  t o  inake yaur 
corrections -- things aren't happening as fast. born the breakout point, 
from the 200 ft point, down t o  the f k e  height, you have ample time t o  es- 
tablish your flight path and then get a nice v i s u a l  reference t o  the runway. 
[Qnestim: 
i s  giving you a l l  this time?] &I, frankly, it's the closure rate on the 
steep approach that gives me the big problem, I would think, because the 
sherllow approach, by comparison, was a piece of cake. And I think that's 
the only colnparison I can make right naw with those two -- the steep 
approaches are just  a high workload, I didn't t ry  one in  calm air or the 
lesser turbulence, but the la teral  control of the airplane s t i l l  gives me 
a l o t  of problems with the turbulence which causes me t o  hit a bad flare 
window. 

Would you say that it is the closure rate with the runway that 

Right now, this is for the pcrpose of the recording, from w h a t  I've 
seen, the steeper the approach, the more difficult  the overall task. (I 
jus t  f l e w  a 6 af ter  having flown the 9.5, and the 3, and the 2, and then 
back t o  the 6) and as f a r  as the task difficulty, the 6 seems to  be about 
in the middle of the other two. So I guess we can relate it t o  sink rate. 

Cements on the 1% turbulence: the only thing in  my mind is the 
comparison again of the task. Workload certainly increases considerably 
with the increase of turbulence. The shallow approaches are less of a 
workload and easier t o  fly than the steeper approaches. You have more 
time t o  make the necessary corrections. The crosswind cases increases the 
task and the workload, because of having t o  fly the course C D I  indications 
as tightly as possible to  assure yourself of hit t ing a good f lare  window. 
So I guess af ter  a comparison of the two -- i t 's  an obvious conclusion, 
I think, i t 's  just  much worse. It has the same characteristics, jut 
everything gets worse in  the -15 turbulence. 

In general, the 6 de@; aerodynamic glide slope along with the 6 deg 
electronic glide slope seems t o  be fa i r ly  satisfactory i n  the 10% turbulence. 
I would judge that the 6 deg glide slope in  turbuJ.ence was worse and that 
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10 deg becomes questionable. 
abi l i ty  to  properly flare the airplane and manage the power and sink rate 
as it needs t o  be done, are very difficult  with the 6 deg approach i n  l $  
turbulence. The task increases as the glide slope increases and 9.5 deg 
glide slopes were very difficult even i n  the 10$ turbulence because, I 
Chink, of the sink rate problem during the f lare  -- I was never able really 
to lsnow exactly what 
touchdown in any position so long as the sink rate was acceptable. 
with the lower angles was much better. 
in the 10% turbulence and, w i t h  the exception of f lare  and landing, the 
approach wa.s satisfactory also. 
I would judge the up capabifity as questionable on the last low approach. 
The last low approach that I flew (holding about loo$ or 101s power) I was 
trying t o  correct back up t o  glide slope and I was barely able t o  magage 
that. So I would judge it, overall, questionable t o  unacceptable i n  l$ 
turbulence, at least in the f lare  and landing regime. 

The handlhg qualities, the flare ability, nly 

condition was i n  the flare. I was wiLling to  acce?t 
The task 

It was a l i t t l e  more satisfactory 

In the lower angles w i t h  the 18 turbulence, 

WRITTEN COMhBK5: 21 November 1 g 4  Pilot Ehluation Form 

Pilot Ratings: Calm Air = 3 
Turbulence = 6 

1.  Q -- Describe the technique you used t o  make flight path corrections. 

A -- Change of power. 

2. Q -- Describe the technique you used to  make flight reference corrections. 

A -- Change of pitch attitude. 

3. Q -- Describe any difficulties you had i n  making flight path or  fflght 
reference corrections. 

A -- OK in 10s turbulence fo r  a l l  FP angles flown. For I$ turbulence, 
had some problem with getting high on G/S during the flna;l phase 
of the approaches, especially i n  the 9.5 deg cases. FR w&8 a 
Utc le  more difficult to hold when a l o t  of power i s  taken off 
t o  get back down. 

4. Q -- Was there noticeable control cross caupllng? If ps, describe it 
and how it affected flight path/fUght reference control. 

A -- FR moves around quite a l o t  with FP correcting i n  15 turbulence -- 
especially i n  the higher angles. 
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5. Q -- m w t e  thrott le sensitivity and thrust mar&r;s (w and down). 

A -- OK. 
6. Q -- Describe the effects of turbulence level on fUght path/fUght 

reference control. 

A -- Workload goes up with turbulence level. Lateral-directional workload 
increases which results i n  less pilot performance in FR and FP 
control. Greater effects of cross c0upIh-g increases workload. 

7. Q -- Describe the effects of flight path angle on mght path/fUght 
reference control. 

A -- The higher the Fp angle, the more difficult the FR is  t o  manage - 
espe ially i n  l e  turbulence. FLare window is  diff’icult to  Bit 
consistently. Bette? at the lower angles - more time t o  make 
corrections. 

8. Q -- Describe the effects of crosswinds on flight path/flight reference 
control. 

A -- Normal problems expected with crotswinds -- more work for the pilot 
and the lateral. control of this model is not really a l l  that good. 
Requires a l o t  of attention t o  hold headings. 

9. Q -- How t ight ly  did you regulate fl ight ?ath/Rlight reference and why? 

A -- Most of agr attention was on FP but not always held tight. Generally, 
FP control was t ight and FR was allowed to  fluctuats b e w e n  + 4 
before getting concerned. 
reference to  assure acceptable FR of 0 - + 4. 

Pitch attitude i s  easier t o  use as’ 

10. Q -- Describe any d i m c d t i e s  in  trimming the aircraft. 

A -- Acceptable FR requires the constant retrimming but no d i f f l c d t i e s  
other than workload. 

11 Q -- D i d  ~rou t r y  any deliberate flight reference or f l i gh t  path abwes? 
If yes, describe the effects of the abuses on the aircraft  
characteristics. 

A -- On one of the low angle approaches, the A/C got low on G/S and 
100$ power would hardly bring it back t o  level fEght  for G/S 
capture from below. 

12. Q -- Describe any difficulties i n  hitting a reasonable flare win-. 

A -- V - y  difficult  i n  turbulence. I really believe that part of the 
pcoblem is i n  the turbulence model. 
much sink rate problem related t o  the turbulence and. always around 
the flare window or the TD. Too much side gusts introduced as 
turbulence which w o u l d  not be expected without crosswind. 

There just  seems to  be too 
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13. Q -- What were the most SiguLfieant effects of going from VFR t o  IFR? 

A -- The usual workload increase - more lateral-directional control 
problems. OEI in IF'R presents great ControllabiUty problems 
t o  me. 
attitudes (400 f%) and pilot  reaction time is  a big factor i n  
controllability. 

FR suddenly becomes too cr i t ical ,  especially a t  the lower 

14. Q -- Relative to the approach task, what, in your opinion, would be 
the major factors influencing whether or not this  aircraft  caild 
be certified. 

A -- Unsatisfactory in approach task for  all conditions except 10s 
turbulence or better. 

(Flare and Landing) 

Pi lo t  Ratings: Calm Air, OSL = 5 
Calm Air, ABD = 4 
Turbulence, OEI = 8 
!turbulence, AEO = 7 

15. Q -- Describe i n  detai l  all flare techniques whicli ywd tried. 

A -- (1)  Flare With power af ter  pitch up to 0 - -  bast for  the higher 
approach paths. 

(2) FLaxe *dth pitch for the faster approaches worked out OK 
wlthout much power change. 

(3) The lower approach paths required less power change for flare 
maneuver 

16. Q -- Which technique did you select and why? 

A -- Generally, the flare with power gave the best overall performace 
because the sink rate 
rate seems t o  be the most c r i t i ca l  part of flare. 

best controlled with power and the sink 

17. Q -- What secondary control action was required for flare? How did this 
affect your selection of the f lare  technique? 

A -- Pitch wcra used as secondary means of controlling sink rate. Pitch 
change without power change for f lare would not be adequate t o  
arrest the sink rate. 

18. Q -- Evaluate your abi l i ty  t o  consistently control touchdown position 
and sink rate. 

A -- Calm air - fair. Turbulence - poor (unsatisfactory) . 
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20. Q -- Describe any problems encountered during OEI flare and landings. 

A -- Lateral controllability was bad -- r o l l  rate l e f t  and right 
seemed to  be different. Also, could not control TD position. 

21. Q -- Describe how flight path abuses affected flare and landing. 

A -- No FP abuses made. 

22. Q -- Describe how pitch attitude abusee affected flare and landing. 

A -- Excessive pitch over just  prior t o  the f h r e  In order t o  get down 
on FP caused excessive speed and decreased the sink ra te  to an 
unacceptable mount. Definitely not the best way to correct down. 

Q -- Describe the effects of other off-nominal conditions (e.g., flight 
reference or power) a t  the flare window on the flare chasacteristics. 

23. 

A -- Many hard landings resulted from misuse of power i n  f lare  due to  
turbulence/shears Not acceptable. 

24. Q -- D i d  ~rou experience any pr t i cu la r ly  severe wind shears or  turbulence 
near touchdown? If so, how did these affect the above rating? 

A -- Yes. Increased the turbulence ratings by 1. 

25. Q -- Relative to  flare and landing, what ,  i n  yuur opinion, would be 
the major factors influencing whether or not this aircraft  could 
be certif'ied. 

A -- Si& rate and TD position control is  unacceptable i n  a l l  but calm 
conditions, ammdng 3 fps sink rate a t  !CD and 200 ft TDZ. 
8 fps  with 500 f t  TDZ would be more suitable for this A/C. 

(General) 

26. Q -- D i d  the lateral-directional characteristics significantly affect 
your evaluation? If yes, describe. 

A -- Yes. Too much time required for  control of track (workload). 

27. Q -- Would you certificate t h i s  a i rcraf t  for a l l  or some of xhe 
operational conditions you experienced? 
tional conditions, describe the operational restrictions you 
would impose and explain why. 

If for only some opera- 

A -0  ( 1 )  I would not certificate this A/C for any of the operational 
conditions I experienced except the approach i n  - calm air with 
a l l  engines. 
Flare and landing i n  calm unsatisfactory because of consisten; 
sink rate control problem. 
None of the conditions are operatio. .uy acceptable i n  turbulence 

- 
(2) 

(3) 
or O E I .  

TR 1047-3, TI 97 



28. Q -- Do ;you feel p u  have had sufficient train5.ng for this codiguratlorr? 
He. I -dent are you of the above evaluations? 
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PIIxlT D 

DATE : 12-1 5 November 'I 974 

PURPOSE : Familiarization 

DEVIATIONS FROM 
BASIC !@PEL: Overall Engine Lag Increased by 1 Second 

TAPED COMMEXTS: 12 November 1974 

The instrumentation here, for some reason, i s  confusing me as far  as 
fl ight path control and maintaining my reference; I s t i l l  haven't really 
sorted it out. 
t o  stay on fJj.ght reference; somehow the sense of the needle was giving me 
the wrong information. 
from glide path, t o  get back on it but there's so much response f r o m  a pitch 
input that it makes the problem of locking onto the glide slope very dif- 
f icul t .  
with a scis-, 
Then I ' m  s ' at happy with any flare that I've tried pt, I don't have 
the preci"iori xor landing. 
awkward laterally when you t r y  t o  hold a sideslip to  cancel out the wind !n 
the f inal  stages, it seems l ike i t ' s  kinda' fighting you. I think I rn? 
getting that damped out b;lt i t ' s  s t i l l  not a very good feeling aimlane 
I 'd  say the response t o  power on a i d e  path i s  pretty close t o  minimal. 
i n  the flare i e  irying t o  hold recommended level a t t i t  +, stop sink w'rth 
power, c* . ' d.oesn't work aut too well. It finally Lakes a Uttle b i t  of 
increase,.. I 

Right now the main objection I have i s  too much pitch activity 

Then I did notice an abuse, especially a high abuse 

Y o u  ten3 t o  overshoot and you're not in step trclth power; ended up 
; action down over the glide slope that fi.na1.l.y damped out. 

You have crosswinds -- the thing seems real 

Stress 

-0 attitude and I ihink you can finally get that point, worked out. 

:'!D COMMENTS: 13 November 1974 

1'10 s t i l l  not really happy with the my the thius flies and I think 
I'll get it sorted out. 
change you have t o  do here to  keep the  reference enywhere near happy. And 
it seems Ilke I s t i l l  BL. getting some bothersome cues, esr,ecie.lly close i n  
from making a pitch change. 
momentarily. 
stops the sink rate. 
input -- a l i t t l e  b i t  of thrmst; I think gradually I ' m  getting the work 
down, but I don't think I ' m  ever going t o  get really consistent i n  lan?iog. 
The la teral  task in  this thing is  really awkward and A tNnk some of +:lis i s  
complicated by the Redifon. 

But the main problem i s  the vast amount of pitch 

It looks like it does affect f l ight path angle 
Guess I ' m  s t i l l  kicda' wondering w h a t  it really needs, vhat 

So w h a t  I in i t ia l ly  startea doing was a mechanical 

I know we are s t i l l  getting some y glj.cches 
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but it looks like the best technique i s  t o  decrab really early, a t  least 
I'E working on it. 
up pretty good and then mu have to keep working on it the whole way down. 

Looks like I clnss about 100 ft before I ever get lined 

The familiarization approaches and landings in  r e l a t i u e l y  calm air are 
getting t o  where the3 are rairly easy t o  do and I think some consistency 
ia the lmdings -- I*m st i l l  not happy with touchdown. 
t o  get some consistency in the calm a i r  but in turbulence the thing just 
really degrades. The degradation was with the wind on the nose, and then 
there's one more increment when ;you go t o  crosswind landings that  just  com- 
polmas it. Andgenerally this thing is  lacking i n  down response t o  power. 
You have to carry the power in turbulence a t  an uncomfortably low level most 
of the time and that gives you a pretty uncomfortable nose-down attitude. 
But it doesn't respond like I Like it t o  -- it takes too long. 
the sky scene problem. 

A t  least  I ' m  starting 

This may be 

For the engine failures, they're extremely subtle ab far as feel  or 
pertwhation of the airplane. The only way you can notice it i s  if  you're 
looking a t  your fl ight reference indicator - i t ' s  real power up there. So 
t h a t  the thing to  do up there is to  instantly get that back t o  w h e r e  i t ' s  
supposed to be, namely zero. And then the most bothersom thing &om then 
on is taking care of the lateral misstrim, I wab doing it in that kind of 
order. When I first push over I stuck i n  a l i t t l e  but of nose-down trim 
and then took care of the rest with the la teral  t r i m .  And the BO f ' t  
engine cuts  - you don't seem uo have enough time t o  really get everything 
s t ab i l l zzd  and trimmed up before p u  h i t  the ground. 

WRITTEN COMEXTS: 15 Novamkr 1 974 Pilot Evaluation Form 

Pilot Ratings: d a h  Air = 2 
Turbulence = 4 

1. Q -- Describe the technique you used to  make fl ight path corrections. 

A -- Predominantly parer With pitch follow up. The pitch change seems 
t o  follow power change naturally, i.e., power off, nose down 
and vice versa. 
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2. Q -- Describe the technique you used to make f l ight  reference ccrrections. 

A -- Pitch attitude, mer the natural tendency described in (1). A 
pilot  input is  required in a natural manner, i.e., some push for  
power off and vice versa, but the attitude cha.nge (degrees) is 
undesirably large. 

3. Q -- Describe any difficult ies you had in making fl ight path or flight 
reference corrections. 

A -- Down 7 is very difficult i n  turbulence, barely adequate i n  calm. 

Up seems adequate, but 
Takes almost fl ight idle i n  mny cases and a very uncomfortable 
nose dam attitude for f l ight  reference. 
response for up or  dawn i s  too slow. 

4. Q -- Was there noticeable control cross coupling? 
and haw it affected flight path/flight reference control. 

A -- Seems t o  be a slight coupling between pitch and power (see 1. ) . 
Complements f l ight  reference control but ccmplAcates flight path 
control because i n i t i a l  response is misleading, i.e., seems to 
produce g o d  correction but doesn't unless power change follows. 

If yes, describe it 

5.  Q -- Evaluate thrcttle sensitivity and 43crust margins (up and down) 

A -- Throttle sensitivity is barely adequate (or maybe inadequate) 
with respect t o  flight path change. Up i s  better than dam. 

6 ,  Q -- Describe the effects of turbulence level on fUght path/fUght 
reference control. 

A -- Down control i s  degraded, gets marginal regarding flight path. 
Flight reference osc i lb tes  abov+ ain! but i s  not troublesome. 

7. Q -- Describe the effects of flight path angle on f l ight  path/flight 
reference control. 

A -- Less wind makes down control approach marginal. 

8. Q -- Describe the effects of crosswinds on f l ight  path/flight reference 
control. 

A -- I had trouble with flight path during decrab. 
visual sirmxlation problem. 

May have been 
No problem with FR. 

9. Q -- How tightly did you regulate fl ight path/flight reference and why? 

A -- FUght  path looser than I l ike due t o  poor power response, 
especially down. 
objectionable pitch attitude. 

F l i g h t  reference -- I keep pretty t igh t  with 
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10. Q -- Describe any difFlculties i n  trimming the aircraft. 

A -- OM lateral trim is difpycult. Seems indefinite(; ). Longitudinal 
t r i m  not too bad. Seems t o  be lateral limited on OEI FR. 

11. Q -- Did you t ry  any deliberate flight reference or f l ight path abuses? 
If y e s ,  describe the effects of the abuses on the aircraft charac- 
ter is t ics .  

A -- Tried high low FP abuses and high and l o w  speed abuses. 
High path difficult due t o  poor d.own capability. 
FP easier but complicates landing due t o  float. 

High speed makes 

12. Q -- Describe any difficulties i n  hit t ing a reasonable flare window. 

A -- High speed a t  window worst case. 

13. Q -- What were the most significant effects of going from VFR t o  IFR? 

A -- IFR confusing due t o  conflicting(?) informtion; FR nose up 
versus FP fly down, etc. Smoothed out with practice. 

14. Q -- Relative t o  the approach task, w h a t ,  in your opinion, would be 
the majw factors influencing whether or not this aircraft could 
be "ertified. 

A -- (1 ) 

(2) 

hkrginal FP control, especially down. 
Excessive pitch kttitude manipulation for FR control. 

(Flare and Landing) 

Pilot Ratings: Calm Air = 5 
Turbulence = 7.5 

15. Q -0 Describe in detai l  a l l  flare techrA ques which you tried. 

A -- Task was to  obtain consistent 3 Pps TD i n  zone. Got zone OK but 
couldn't get less than about 6 f'ps TD consistent. 
technique of flare to level pitch a t  about 50 f t  and modulate power 
t o  TD. 
before TD. 

Used "recommended" 

Often =de "panic" pitch up t o  3 deg to  6 deg nose up jus t  

16. Q -- Which technique did you select and why? 

A -- Just  used "recommended". Didn't l ike effect on FP of "open loop" 
pitch change. 
cated the parer task. 

G i v e s  an instantaneous "up" FP which then compl.5.- 
Consistently came in  la te  with power. 
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17. Q -- What secondary control action was reqghd for flare? How did 
this affect pur selection of the flare technique? 

A -- Manipulate elemtor to maintain pitch attitude. Seemed OK. 

18. Q -- Evaluate your abi l i ty  to consistently control touchdown position 
and sink rate. 

A -- Unacceptable due t o  workload. 6n max thrust *stops" often. 
Seldom ''blew" engines due to lags. 

20. Q -- Describe th11y problems encountered d w  O E I  flare a d  landings. 

A -- Wted lateral control. 

21. Q -- Describe how flight path abuses aflected flare and landing. 

A -- High. Fast. Very hard. 

22. Q -- Describe how pitch attitude abuses affect f lare  and landing. 

A -- Panic nose up inputs seemed t o  salvage Landings. 

Q -- Describe the effects of other of'f-nominal conditions (e.@;., flight 23. 
reference or power) a t  the flare window on the flare characteristics . 

A -- High - Fast - unacceptable. Inw - Slow - OK. 
24. Q -- D i d  p u  experience any particularly severe wind sheazs or turbulence 

near touchdown? If so, how did these affect the above rating? 

A -- Very hard to  offset shears, apparently due t o  thrust lag. 

25. Q -- Relative t o  f h r e  and landing, what, i n  your opinion, would be 
the major factors influencing whether or not this aircraf t  could 
be certified. 

A -- Hard to  control due to lags. 

(General) 

26. Q -- D i d  the lateral-directional characteristics significantly affect 
your evaluation? If yes ,  describe. 

A -- AEO lat/dir complicates longitudinal task. 
OEI  lat/dir limited to  landing. 
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27. Q -- W o u l d  you CertiFiCate this aircraft fcr all or some of the 
operational conditions you experience.? If for only same 
opera.tional conditions, describe t k e  qerational restrictions 
you would impose and explain w b .  

Too hard to control. i. A -- No. 
28. Q -- Do you feel you have had sufficient training for this configuration? 

IIOW confident are you of the a5ove evaluations? 

A -- Yes. Pretty cddent. 
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PIKIT D 

DATE: 18 Noveniber I 974 

DEVIA!EIOlS FROM 
BASIC MIDEL: O v e r a l l  engine lag increased by 1 second 

I think the first thing I tried was like a 7.5 deg electronic olope 
with a 9.5 deg aer+?l&mic. That really i sn ' t  too tough; through the IFH 
portion it seems t c  
IFR part over with. . you burst out VFR it doesn't look too horrible t o  
me, the picture you get of the ground. Then it seemed like I was able t o  
make the airplane do pretty much w h a t  I wanted and as you progressively lower 
the slope, both electronically a-,9 aerodynamically (the aerodynamic 3 is  an 
electronic 6) was really a y and that d i d n ' t  seem too bad, except maybe 
ha- the power up pretty high. 
slopes are the hardest because of the ridiculously low sink rate and the 
turbulence is  actually cancelling out your sink rate so it keeps you pretty 
busy on the throttles. 
electronic with a 3 deg aerodynamic. Everything seemed to be right on that 
even though it was a slaw sink rate. But the 3 deg electronic with a 3 deg 
aerodynamic i s  very difficult .  You're up a t  pretty high power settings. As 
I said, if I would have done it again, I wmldn't even have tried t o  flare; 
I did t r y  t o  but I don't think I should have. And that complicated it because 
the thing wanted t o  float and the next thing I had t o  pull off the power 
and that's why I had the hard landing, harp aaf% long. 

) be easier t o  hold a higher sink rate and get the 

I guess I would say, generally, the fht 

I guess the easiest of the shallow slopes was a 6 deg 

OK, with the 6 and 6, that was w i t h  110 wind, jus t  turbulence. The 
thing I noticed about that was it was quite difficult  t o  maintain a more or 
less constant sink rate. I usually t ry  to  keep a sink rate i n  a kind of a 
band. 
in the IFR portion. Once it was VFR, it didn't seem too bad. You can Bee 
the sink rate pretty good from the picture; : didn't see too much trouble 
t o  latch onto i t .  The ground speed was not tw;lblesome. I think with these 
things I'm sort of glad to  get them Over with so 2 m  glad i t ' s  going faster. 

There was quite a b i t  of thrott le movement to  t r y  t o  stabilize it 

In  the 2 deg guide slope, the biggest problem there was once ~rou burst 
out VFR was t o  see the runway, so what I did I just stayed on the instruments 
and on down t o  about 100 f t .  I was closer i n  then; I could see the rmway. 
Again, it seemed Uke everything was swept together -- control and sink 
rate and all of that; and I did go ahead and do what I thought I would do 
and that was not fla.re, ;wt drill it right  on in  and I was kinda' surprised 



a t  the sink rate on that, it wa.s something l ike 7 fps. 
thought it would be a l i t t l e  less than that. And again, the ground speed 
was no particular problem, for some reason, it m i & t  be the way of looking 
a t  the runway. 

I guess I really 

The 15 turbulence is worse than the 10% turbulence, I guess that's my 
first observation. 
mgnifles the difficulty of a l l  the jobs. 
noticed is the l i t t l e  power you have t o  carry a pretty high percent 
of the time t o  stay on the path. 
direct crosswind and no headwind - is  a rea l  tuffy from that standpoint; 
you have t o  really be back in flight idle. 

The net effect on flying the thing i s  that it jus t  
I guess the w o r s t  thing I've 

This last one I just  flew w i t h  erlmDst a 

Let's see, I thinlr we did fly a flat slope i n  this turbulence, wha t  I 
don't understand is w h a t  a difficult tracking it became because it seems 
that pretty gross inputs of directional when you're IFR and then when we 

the stops, a t  least With the ailerons. 
brolre Out it W&S l a t e r a l - d i r e C t i O n a l - - -  it was weird.  I t~tls UP w m t  

WRECTHfJ COMME2CE3: 18 Noveniber 1974 Pilot Evaluation F m  

(Approach) 

P i l o t  Ratings: C a l m  Air = 3 (not a 2 because of FR display) 
10$ Turbulence = 4 (lo$ isn ' t  routine) 
1s Turbulence = 5 

1. Q -- Describe the technique you used to  make f l ight path corrections. 

A -- Power. Note: on the f l a t t e r  approaches, imored IVSI -le 
because it was over-reactive a t  low R/D (too many climb Indica- 
tions) . 

2. Q -- .Describe the technique you used to  make fl ight reference corrections. 

A -- Normal technique for me - whlch includes 6~ far long term FR 
corrections, mainly (solely) 8 for short term. 

3. Q -- Describe any difficulties you had in making flight path or f l ight  
reference corrections. 

A -- Shallow 7's ran out of 8 ~ ,  not enaugh up. Steeper 7'8 didn't 
like required e changes t o  hold FR. 

4. Q -- Was there noticeable control cross coupling? If yes, d@scribe it 
and how it affected fl ight path/fllght reference control. 

A -- Favorable coupling. 
Fair ly  comfortable 
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5. Q -- Gvaluate throt t le  sensitivity and thrust margins (up and down). 

A -- Throttle has marginal lag a l l  the time. Up margin is marginal 
i n  shallow approaches. 

6 .  Q -- Describe the effects of turbulence level on flight path/fflght 
reference control. 

7. Q -- Describe the effects of flight path angle on flight path/flight 
reference control. 

A -- The steeper you get, the easier it is. On flat approach, you have 
a hard time with up. 
flat -- felt that down required too much PIA change t o  get a 
correction. See 3. 

Down is st i l l  marginal for  steep, but for 

8. Q -- Describe the effects of crosswinds on flight pathlflight reference 
control. 

A -- The 1% turbulence caused acceptance of increased excursions i n  
FR, but there was really no profound effect in the task. Biggest 
problem was Lateral i n  10 and le, but it was worse in 1%- 

A -- The v5sualdecrab is  the ball game. 
during flatter y ' s .  Difference between 10s and 1% was not as 
profound as steep t o  s h a l l o w .  

It took more of everything 

9- Q -- How t ightly did you regulate flight pth/flight reference and why? 

A -- FR - lo$ +2, -4 deg; l$ +3, -5 deg with excursions t o  +5 and 

y - Emphasized 7 during shallow approaches (see 1). 
correct for 1/4 dot but saw 1 dot or more. 

-10 de& 
Tried t o  

10. Q -- Describe any d i f f i ~ u l t 5 . ~ ~  i n  trimming the aircraft .  

A -- None. Didn't noticc m i s t . - ' m  during engine failure. Have had 
problems i n  the past - may :ot have noticed during this flight 
due t o  workload. 

11. Q -- D i d  you t r y  any deliberate flight reference or f l ight  path abuses? 
If yes, describe the effects of the abuses on the aircraf t  
characteristics. 

A -- Are you kidding? 

12. Q -- Describe any difficult ies i n  hi t t ing a reasonable f lare  window. 

A -- Are you kidding. See items 1 through 10. Lateral workload 
hardest. Always f e l t  like the situation was i n  hand, but lateral 
was the hardest to  control. 
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13. Q -- What were the most signiflcant effects of going from VFR t o  IFR? 

A -- There's something hard to sort  out here - Lateral workload vab 
heavy during both - but more believable VFR. 
I think maybe an instrunrent problem. 
difficult during flatter approaches. 

VFR things smtv,,,,;;r, 
See 29. Visual decrab more 

14. Q -- R e l a t i v e  t o  the approach task, what ,  i n  your opinion, would be 
the major factors influencing w h e t h e r  or  not this aircraft cuuld 
be certified. 

A -- Lateral workload too severe. Could be certificated both 1 and 
lo$, possibly even with la teral  workload. 

(Flare and Landing) 

Pilot Ratings: C a l m  A i r  = 3 
10% TurWence = 3 
1% Turbulence = 5 

15. Q -- Describe in  detail all flare techniques which you tried. 

A -- Level 0, add 6 ~ .  Sometimes added 6~ but didn't get it prior t o  
TD. 
forgive the beast for that because this happens on CTOL. 

On two approaches, didn't know what  t o  do with ST. W i l l  

16. Q -- Which technique did you select and why? 

A -- See 15. 

!7. Q -- What secondary control action was required for  flare? How did 
this affect your selection of the f lare  technique? 

A -- Level 8 required, but when a high sink was developing, would 

Q -- Evaluate your abi l i ty  t o  consistently control touchdown position 

go as high as 5 deg. 

and sink rate. 
18. 

A -- Obviously 3 f'ps is  unrealistic. To me, the biggest problem i s  
I feel  I cannot slow the visual cue when 8 i s  added t o  level. 

h any more than 4 - 4 1/2, no way, but I can control it. Control 
i s  the key -- not performance. 

19. Q -- Describe any problems encountered during balked Udings. 

A -- Couldn't get the co-pilot t o  put the flaps up. 
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20. Q -- Describe any problems encountered during OEI "lare and landings. 

A -- Firs t  cue was la teral  jump. Got the st ick shaker wbch 
made me dump the nose. 
without the = 1000 Ft lateral jump. World slipped sideways. 
See 29. 

Lanoing could have been very controllable 

21. Q -- Describe how flight path abuses affected flare and landing;. 

A -- Shallow operational 7 left  very l i t t l e  6~ for  flare (actually it 
wa8 quite controllable), so did not flare, just  flew it in. 

22. Q -- Describe how pitch attitude abuses affected flare and landing. 

A -- Mdn't deliberately abuse - but result of unintentional abuse 
effects are obvlous. 
situation. 

b s t  minute abuse (+ 9)  can salvage a bad 

23. Q -- Describe the effect of other off-mmiml conditions (e.g., flight 
reference or power) a t  the flare window on the flare characteristics. 

A -- Should be careful t o  keep FR on. Has become an important part of 
action due t o  seeing effect of -5 deg FR the other day. 

24. Q -- D i d  you experience any particularly severe wind shears or 
turbulence near touchdown? 
above rating? 

If so, how did these affect the 

A -- Are you kidding? Had several. Very hard t o  control TD point 
more than h, the computing of h wiped out distance. 

25. Q 0- Relative t o  f lare  and landing, w h a t ,  i n  y m  opinion, w o u l d  be 
the major factors influencing whether or not this aircraft  could 
be certified. 

A -- Control of TD, h, and x. More control than performance. Felt 
like I could control it but i f  I didn't it was my fault. 
willing t o  forgive A/C on th i s  point. 
I was wrong but I don't think I responded right. 
forgive it later. 

Am 
It was trying t o  t e l l  me 

I may not 

(General) 

26. Q -- Did the lateral-directional characteristics significantly affect 

A -- [P i lo t  makes strong comment t o  the affirmative] 

your evaluation? If yes, describe. 

See 29. 
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27. Q -- Would you certificate this aircraf t  for a l l  or  some of the opera- 
tional conditions you experienced? 
conditions, describe the operational restrictions yo11 would impose 

If for only some operational 

and explain why. 

A -- Yes, but it 's a pretty good handle on the minimum. Shallow 7 
marginal in up but OK for approach; not so good for  landing. 
Both steep and shallow 7'c had a down problem. 
you don't h a w  how much t o  take off and steep because a t  idle 
it was hard t o  recapture. 

Shallow because 

28. Q -- Do yon feel you have had sufficient training for this configuration? 
Haw conf'ident are you of the above eva,lwti.ons? 

A -- Yes. Confident. 

29. Q -- Any additional comments? 

A -- I strongly feel that there was either or both a localizer or 
v i s u a l  lateral problem. Lateral w0rhloa.d during all approaches 
bordered on intense. There seems t o  be a glitch (in y) t ied t o  
rudder. Was on the l a te ra l  stops a very significant amount of 
the time. 
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PILOT D 

FVRFOSE: Modification of flare technique and response 

DEVIATIOM FROM 
BASIC M3DEL: -0- 

TAPED COM?@IVTS: 19 November 1974 

I really don't think I have the to ta l  difference between the no-flare 
and the way we've been flying it all along. 
understanding somewhere. 
no-flare t u g  i s  t o  have everything se t  ug right a t  a very low tsjlndaw, like 
50 ft off the growid; that is, have the power a t  optimum, the reference a t  
optimum; attitude; and everything. Then rotate the nose level and accept 
the landing that  folluws with the GPI being closer i n  l ike this, you know 
you're going t o  hit i n  the zone and you don't much worry about the impact. 
In order to do this, I ' m  kind of abahd0fiin.g the throttles -- i t ' s  lousing 
me up, that is, I'll stop manipulating them, attempt to  have things a t  
optimum a t  50 f't. So, in opinion, the other way, which is manipulating 
the throttles -uti1 you hit the zone, is  more satisfactory. That's w h a t  I 
see so far. 

I think I 'm  probably mis- 
But as I see it, w h a t  we're hoping for ir, t h i s  

The flare with attitude looks pretty darned consistent t o  me. Nice 
control with sink rate. 
run, I added power on account of I was real  high on the path just prior t o  
the time a wind or some kind of up ... but so fa r  this looks pretty precise as 
long as p u  don't lose sight of the runway so w h a t  I ' m  doin@; i s  flaAng Until  
I can st i l l  make out the runway and s t i l l  get some kina of h cues of whether 
t o  go on in. Due t o  better engine responses, I guess quicker response, it 's 
almost too good. 
tune it. 
miGht not be that th i s  is the exact lag you w a n t ,  looks l ike the better 
response i s  i n  the right direction. 

I was manipulating power a l i t t l e  b i t  this last 

I f e l t  myself get more than I wanted and having t o  fine- 
It I really think this  i s  an improvement over the slaw landing. 

That l a s t  change, whatever it was, I don' 1 ,  think was any improvement. 
To me it was s t i l l  a l i t t l e  worse than the baseline by i t se l f .  
funny situation where small throttle inputs were giving you big effects too 
late.  So I was making small adjustments, again, a b ig  output, but it seemed 
t o  take a long t i m e .  
power down close t o  the flare. To me it seened a l i t t l e  worse than the base 
airplane, I guess. 

It was a 

So it got me where I didn't want t o  monkey with the 
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PIJBT D 

DATE: 21 November 1974 

PURPOSE: Airworthiness Evaluation 

DEVIATION FROM 
BASIC MIDEL: F l igh t  condition a t  FR = -4 units 

TAPED COMMEXL'S: 21 November 1974 

This airplane, with the 4 deg nose-down reference reset to  zero is, 
1 think, j u s t  about optimum condition for...it's, I say, a t  least  one number 
better than the basic airplane in that the picture added to it that I see 
from this condition (this is approaching the flare) is just  off what I Uke. 
I still am pushing over a l i t t l e  b i t  more. I was getting fast and i t ' s  
right close t o  what I l ike t o  start the flare but I think I didn't draw 
much From that basic airplane. And the control t o  touchdown, t o  me, is  
right in there. The m y  I've been doing it is 
flare t o  w h a t  I thought was a level attitude and then applying power the 
rest  of the way. 

Just about w h a t  I l ike.  

WRIm COMMENTS : 21 November 1974 Pilot Evaluation Form 

( ApFroach) 

Pilot Ratings: CttLm Air = 2 
Turbulence = 3 

1.  Q -- Describe the technique you used t o  make f l igh t  path corrections. 

A -- Power. 

2. Q -- Describe the technique you used to  make fl ight reference corrections. 

A -- Pltch and power. Any power change seem t o  cause a pitching moment 
i n  the proper direction and i t ' s  very easy t o  follow up. 

3. Q -- Describe any difficulties you had in  mr%kJ.ng f l ight  path or flight 
refzrence corrections. 

A -- Very acceptable. 
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4. Q -- Was them noticeable control cross coupling? If yes, describe 
it and how it affected flight path/fflght reference control. 

A -- Lots of pitch coupling for FR control but it is sensible in feel 
and pitc:. naturally f o l l m  power (see 2).  
speed makss aim reference control easier. 

This case of higher 

5. Q -- Evaluate thrott le sensitivity and thrust margins (up and aoWn). 

4 -- Up - good; dawn - minimum acceptable, s ens i t i d ty  - minim 

Q -- Deswtbe the effects of turbul.ence level on flight path/fUght 

acceptable. 

;. 
reference control. 

A -- A t  the bigher speed in this case FR control (clirn) is easier. 

7. Q -- Describe tke  effects of f l ight path @e on flight pa.th/fUght 
reference cwtrol.  

A -- Mone mticed. 

8. Q -- Describe the effects of crosswinds on flight path/flight 
reference control. 

A -- No adverse effect. 

9. Q 9- How tightly a d  you regulate flight path/flight reference and why? 

A -- - + 2 units -- excursions t o  5 or 6. 

10. Q -- Describe difficuit ies i n  trimming the aircxoft. 

A -- None. 

11. Q -- D i d  you t ry  any deliberate flight reference or fUght path abuses? 
If yes, describe the effects of the abuses on the aircraft  
characteristics. 

A -- One dot high FP abuse from 500 ft I .C.  with 1% turbulence -- no 
problem. No FR abuse. 

12. Q -- Describe any difficulties i n  hit t ing a reasonable flare window. 

A -- Very accentable. 

13. Q -- What were the most significant effects of going from WR t o  IFR? 

A -- hteral-directional task is easier. 
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14. Q -- Relative to the a w c h  task, what, in your opinion, would be 
the mor factors influencing &ether or not this aircmf't could 
be certified. 

A -.- Isteral-directianal workload. 

[Flare and Landing) 

Pilot Ratings: Calm Air = 3 
%r?mlenCe = 4 

15. Q -- Describe i n  detail a J l  flare techniques wbich you tried. 

A -- Just used recolrm~nded technique of pitch to a = o deg and control 
x and 6 with power. 
p c ' s i o n  except that tk attitude which looked level to me 
relative to runway was 4 deg pose dam. If this was not a visual 
simulation problem. 

This &i.qlane vas very easy to control with 

16. Q -- Which technique d€d ~rou  select and why? 

A -- see 15. 

17. Q -- What secondary control x t i o x  was requireC r'or flare? How did this 
affect your selection of the flare technique? 

A -- Modulate elevator control t o  maintain level attitude. 

18. Q -- h-uate your abi i i ty  to consistently control touchdown position 
and sink rate. 

21. ($ -- Describe how flight path abuses affected flare and landin@;. 

A 0- Adequate control. 

22. Q -- Describe haw pitch attitude abuses affected flar: and landing. 

A -- If I ?ddn't have 3 visual. problem -- this airplane lands nicely 
with a nose low abuse. 

23. Q -- Describe the effects of other off-nominal conditlcns (e.g., flight 
reference or power) a t  the flare window on the flere c'macteristics. 
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24. Q -- D i d  y m  experience any particularly severe w i n d  shears or turbu- 
lence near touchdown? If so, how did these af'fect the above 

25. Q -- Relative to flare and landing, what, in ;/our ophbn ,  would be 
the major factors influencing whether or not this airad% could 
be certified. 

26. Q -- Md the lateral-directional characteristics sigd.f'icmtly aff@ct 
your evaluation? If yes,  describe. 

A -- Yes. Hardest task. 

27. Q -- Would you certificate this aircraft for a l l  or sore of the opera- 
tional conditions you experienced? If for only some operational 
conditions, describe the uperatianal restrictions you would 
impose and explain why. 

A -- Yes. Possibly GPI,  touchdown geometry. 

28. Q -- Do you feel  you have had suMicient t ra inhg  for this ccwfpguration? 
How CanFident are you of the above eva.luations? 

A -- Yes. Good. 

29. Q -- Any additional comments? 

A -- I Uke the relationship of 8 deg to F'R deg a t  this speed at aim, 
or trim conditions. 
almost 1 for  1 i n  changing. Also, the pitch attitude relative 
to FP seems good too, i.e., going where I'm looking! 

The FR and pitch attitude seem harmonious, 



PImT D 

DAm: 20, 22 N o v e m b e r  1974 

PUBPOSE: 

DEVIATIOPIS FROM 

Modification of F l igh t  Path/Flight Referrnce 
cross coup- 

BASIC MJDEZ: --- 
TAPED COWIDITS: 20 Hovember 1974 

Flaring w i t h  this nrechRnization as a reference is much easier. It's quite 
smooth. To me it seemed like we did have adequate uarnbg of being out of 
the good zone when you're off reference. I dan't think that  you -wild 
easily abuse it j u s t  by flying any reasonable glide p t h  from a loop. 
far I'm pretty impressed with it. I do have one reservation, we're going to 
ta lk  about it later on. 

So, so 

But, so far I like it. 

In q opinion, this fliat reference we've got here w i t h  the angle of 
attack logic in it, that, with it jittering around, I don't knmi whether ~rou 
can say it's difficult  to fly, it's certainly less; it's nicest with the 
other mechanization that you have a steady needle. 
needle -elf. 
but I like the readout on the other one and it didn't seem to  lead you into 
any bad problems unless you worked a t  it so, I'd say that it was pretty nice. 

I prefer the steady 
I don't think I'm working a n ~ r  herder one vay or the other 

OK, pitch stabilization here, atti,tude command, does nrake the tracking 

The tracking is easier 
job easier and I guess I can't notice a l l  that mw. difference in the flare. 
It might be just  a l i t t l e  b i t  harder i n  the flare. 
and I don't notice any real bad effects on the flare. 

W i t h  this DIC...I don't l ike the first zczpnse ~rou get out of it. I 
find V e l f  tracldng the @de slope and I'm cons+mtly moving the throttle; 
I've gotten to  where I'm m&bg an input and then backing off slightly t o  
keep the NSI jvst anywhere near comfortable; it 's constantly in  mtion even 
at that. Amr the flare and landing, it was prctty much the same thing. 
You get what seems t o  me:..overdoes the init€al response, which makes it 
pretty easy to  stop the h, but it sure makes it tough for x because I find 
myself just  kinda' modulating thrott le a l l  the way down to  touchdown. I 
usually pitch into too much power, that's why I landed long. 
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This m y  be mare i n  leaming, but IQr first impression of tbis thing is 
that I dm't Like it to0 well. W i t h  t h i s  att i tudehold stabilization it 
seems to be quite helpful i n  the IFR end has a very small worlrloaa as far 
as pitch. But it seeam like the pmblens begin when ;you get VFB, I can't 
get ay aim attitude, whewr it's ri@t or wrong. 
mind so I just  sat back and made a i m  atti- and the first one was motst 
noticeable, the second one I h i d e d  to jus t  accept what atti- I ended 
up w i t h  and that does smooth it aut a little bit.  about the 
flare.) This last one, I was doing the stare thing, and it got me behind on 
the coming in w i t h  pow@r. 

I had ZIIL d m  attitude i n  

(I'm 

OK, this configuration defbitely sbpUfies the glide path trsbddn& 
and I gue8s it e b b -  didn't. . .I'm not so sure whether it impowed pep 
formance on localizer in getting mre 
approach to the flare. It's still 031 the 6 sees slope there and it's kind 
of nice to know that things take care of the reference. But the ftln begins 
a t  the flare because it's def'initely figating you. Again, it's just (I bard 
t k  to stabilize on a nice attitude, get sarepttogethereach 
time. 

end it was Lice during the 

OK, this configuation, w i t h  no initial pitch Kith change of =, 
isn ' t  too botherso~pe a t  all, especially IFB. It does get a l i t t l e  bother- 
some VFR because there's nothing telling what's happening and that  your 
reference in this one has a real different feel than the other way. The 
first thlng, I jus t  kinda' felt like I was in the dark and tbat resulted i n  
my tending to get myself fast, txyhg to pick an att i tude that I knew was 
pretty good, which usually turned out to be fast. 
you feel like you're OK with the l e d  attitude, it wasn't a l l  that bad and 

But once you get to  where 

it's pr@tQr easy to get into that level attitude. 

The pitching moment due to power change w i t h  t h i s  is noticeable and it 
seem6 obviously stronger to me than the base airplane, and that  the throt t le  
does overdo it. It will overshoot pur noiaiml attitude for maintaining 
a.im.reference. I guess what was happening t o  ne was I was setting -elf 
up for a high error and consequently had to come back on the power, which 
means the thing would try to  pitch over and it would tend to just go kK, 
far, usually. 
be and I sti l l  couldn't get down, I don't understand that a t  all. 
seem like more of a workload to get to your aim with it, t h i s  particular 
ini t ia l  response, as compared t o  the basic airplane that is. 

I was getting the reference back to where I was supposed to 
It d ~ e s  

OK, that first one e w e  inoperative we entered at a high@r reference. 
Since I didn't have a reference to look at ,  I guess, I got slow going and 
definitely ran aut of lateral control. And the second one, apparently the 
reference worked and a t  that higher speed, control is  adequate, just  barely, 
I'd say in the la t te r  stages of the flare. What it loolzs l ike with the 
s l o w i r . ~  dawn, you're doing it jus t  before touching the ground. 
cr i t ical .  
up I got out of the thing after it failed, I ju s t  stuffed i n  pllu~ power, 
probably overdid it as a matter of fact, and as I was getting high in speed, 
I almost ran it back through the glide path. 

That's kinda' 
There's j u s t  no adequate touchdawn. Hot too surprised with the 
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PIWT D -- 
aam: 26 November 1974 

WRWBE: Demonstration of Margins 

We just tried the proposed dermastration from a maneutrer margin, which 
is a 30 d w  bang and stabilize on pitch sink rate; and w i t h  secondary control 
pitched.. .increase the load factor to the stick shaker; and it wasn't such 
a bad maaeuver as I had emvisioned it to be. Appaxently we all expected 
somzthing horrible br 2 i% looks like you can pull t h i s  thing off. I don't 
how amat it's pro--, but it might tell something. 

OK, I 'm at V and it's the static V backing into it that was pretty 
obvious. It lc&d like it was about,? guess, at 60 or a little above 60 
based an one of the things prior to go. But the i rLerest ing thing is as you 
back Into it, this wheel is nore and more displaced. We never did reach 
the stops. That's a significant thing, we weren't getting m y  response from 
it. There are the nonlinearities that are bothersome, which are apparently 
due to SAS saturation and chances are you could get real low in there and if 
youwent to the stops... 

OK, we tracked a VN static with increased SAS authority (+ B des) and 
I guess it did lower Vm about 1 kt and it did enable you to get in, enabled 
me anyway, to get in full control whereas with the normal SAS authority I 
seemed ?a lase it at sane point before full throw, and this occurred some- 
where around 64 kt. A satisfactory ro l l  rate at 60 Irt, right aruund 60 kt 
it was shown real marginal, with only 1 kt above Vm. 
off and I immediately got a dutch roll oscillation going and I knew that I 
couldn't sort that one out. 
in that situation. 

Then we tried it SAS 

So, I guess it tells you the SAS was helpful 

Y o u  get the feeling you've got i;Oo much power on going into the flare 
and I'm actuallly reducing a little bit and it looks like that's not the 
answer. 

OK, it looks like for this attitude situation that might be handy 
but.. . I 'm going to w o 2 ~ y  about it a bit more before I answer. 
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Veh, you know you've got too much power and you know you're going to 
float '.ut p u  don't know w h a t  power level to reach for, 80 I think on that 
one, 1 flnally stabi?ized on an attitude and then I played with the poorer 
a little bit.  I suspected it was going to be f i r m .  

Yeh, that's getting up towards more severities. When you get into that 
problem you CUI t know what to do with power. 



PIIQT E 

PURPOSE: Familiarization 

DEVIATIONS FIIOM 
BASIC MDDEL: None 

TAPED coMtmms: 26 November 1974 

Fi r s t  exposure to  the aircraft  - I j u s t  completed two fauxLliarization 
approaches, here. The in i t ia l  impression i s  the very hard task of maintaining 
attitu8e. As far as the power t o  flight path reference coupling there .didn't 
seem to  be any problem there. It's in  a proverse sense. Flares have been 
no problem. 
wind i n  these approaches which lowers the forward speed even more. Yes, I 
had a very low sink rate. 
On the first f lare  I utxonsciausly used attitude t o  flare and it came i n  
w i t h  a l i t t l e  b i t  of power but a very nice landing. I think on the second 
one I tried t o  do it s t r ic t ly  by power but I was groping a l i t t l e  b i t  more 
on that one. 

I noticed we were approaching fair ly  slowly. There was a head- 

I feel  that there's plenty of time in the flare. 

I've made several more approsches and landings now and I think I've 
gotten a t  least some degree of familiaritywitb the pitch control now. 
used to  be a problem although it 's certainly not a desirable system. The 
flaring with power, it was pointed out t o  me, I was using @te a b i t  of 
attitude. If you flare with power a t  the speeds we were corrdng in, every- 
thing happens so slow that it seems you have plenty of t in re  but it does feel  
a U t t l  b i t  open loop. No control column input is  required a t  a l l .  When 
you add power, the pitching maanent wlth power brings up the nose just about 
the right amount. Charlie asked whether the reference is easy to  fouoW 
for glide slope tracking. nnd I think that it's...I ca l l  it proverse coupling 
between the power and the f l ight  reference. 
oh the attitude, that is, as you move the throttles, the attitude goes i n  
the right direction a t  about the right am>unt so that no t r i m h g  i s  required, 
and also i t 's  natmaJ. in the sense that i f  you want to  come down you lower 
the nose. In  summary, then, I think we covered the glide slope tracking 
pretty well. In  the crosswinds I think tine thing that was most noticeable 
was the lack of apparent side force on the fUelage, that is, once you got 
the fuselage aligned with the runway, it took very l i t t l e  wing down t o  
maintain zero sideslip. 
with power only, it 's pretty hard t o  get out of that. 
turbulence f'rom 1.5 RbS t o  4.5 RIB increases the workload significantly and 
the runway dispersions; but for  the conditions we looked a t  tonight, the 
airplane seems pretty reasonable, I think. 

It 

It also ha8 proverse coupling 

I'm s t i l l  having a l i t t l e  trouble with the flare 
Switching i n  the 
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This is my second night - the night b e f m  Thanksgiving. We jus t  made 
a f e w  i n i t i a l  runs here, with the very light winds and Ugbt crosswinds. . . 
I'll jus t  reaffirm what I said last night; nothing new, I'm still having 
problems using power only for flare. 

I could make some cmments on the tape for the turbulence runs we've 
done 80 far. The turbulence certainly does increase the workload. It loolzs 
like adequate performance is, you know, not too bad to bit a~ long as you're 
willing to accept a go-armmd occasionelly. I think i n  &-life situations, 
you might have a few less go-mounds than I would tend to  have i n  a sinnilator. 
I think you'd pick up the cues a l i t t le faster. 

Comments on the IE'R tracking down to 200 - YXl ft w i t h  lmdings w i t h  
the 10% turbulence: pretty ha,iry wmkload -- the glide shpe tracking isn ' t  
too bad, except down t o  breakout -- it 's pretty hard to develop a fairly high 
frequency on the glide slope tmdshg so you tend to  end up jus t  a l i t t le 
b i t  off without really enough time t o  get s e t  up comfartsbly ag;ain to complete 
the lading. 

I ' m  going t o  make some commmts on qy initial impressions cn the engine 
out stuFf. The main problem i s  the lateral upset, well, there's not really 
the lateral upset, the lateral upset isn ' t  so bad but it's the lateral forces 
t o  hold it. And then the process of retrinmdng it seems to be the only real 
task and it looks l ike it's going t o  be a problem i f  you have a low altitude 
failure -- you'll be fighting the very heavy wheel forces or trying t o  re-. 
It keeps you too busy to t r y  and do anything else. Once you get there, 
there's plenty of control authority. We t r i ea  an approach w i t h  a 30 deg 
bank angle into the dead engine and there was no problem. !bere appears to  
be plenty of performance; looks B e  about 97$ holds it on the glide slope.. . 
96 or 97 on the remaining three en@pnes. 
lighter forces on the wheel it would be a l i t t l e  easier situation t o  handle. 

It looks like mybe with some 

This is some more comments on the e n m e  out stuff. As I mentioned 
earlier, the main problem i s  the wheel force and the difficulty to make 
s m a l l  inputs for controIXng the aircraf't ab.& the iLeavy vheel input. 
This requires that you retrim the airplane. Initially I wa8 ha-g a heck 
of a time retrimming the arplane but as we've made more runs, I've learned, 
i n  811 open-loop sense, how much trim t o  put i n  and this cuts down on thc 
amount of time to  retrim. I feel  this a l i t t l e  b i t  unfair because, i n  an 
actual W n e - o u t  case, i t ' s  going t o  be a while since you practiced one 
and p u  won't be able t o  retrim the airplane quite as fast;  and I suggest 
we l a r  the wheel gradient here such that the wheel force t o  hold the 
unbalanced moment without retrimming is low enough that you caa st i l l  make 
small inputs about it. 
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We ?ur+ had two failures a t  200 f t  alt i tude and this brought up another 
s o b l a  area Path engine-out cases that I hadn't really picked up a t  the 
higher altitudes; and that i s  that i f  you want t o  arrest  the sink rate t o  
get the performance out of the vehicle you've got to get the nose down and 
a t  those lower altitudes it's a l i t t l e  harder t o  push the nose over. I'm 
going tcr try one at  100 f t  now. 

OK, we had a couple of failures at  100 ft there and it 's going t o  take 
a lo t  more practice for me t o  get so I can catch those. I think it 's an 
unacceptable situation. You could learn to do it, perhaps. It look8 l ike 
the basic performance is  there but it looks like, in t h i s  situation, you 
either need a l o t  more parer so you can get a positive climb gradient or you 
need to  approach a t  the faster speed such that when you lose the engine you 
don't have t o  accelerate. 

OK, this is  Gordon Ha&y w ' i t h  concluding remarks on the night before 
Thanksgivbg. We tr ied two runs there, doing wha t  I had suggested, approaching 
at the speed necessary so that when you lose the engine the flight reference 
goes to i ts  correct value for an engine-out situation. That  makes a l l  the 
difference in  the world. 

Pi lo t  Ratings: calm Air = 4.5 
Turbulence = 6.5 

1. Q -0 Describe the technique you used t o  make flight path corrections. 

A 0- 8r -6. Let pitching moment With 8T control a. 

2. Q -- Describe the technique you used t o  xualce flight reference corrections. 

A -- See (1). 

3. Q -- Describe any difficult ies you had i n  making fliat path or  flight 
reference corrections. 

A -- No trouble VFR. IFR (not too many nms), I f e l t  like 1 couldn't 
keep the G/S tracking frequency high enough to  break out close 
enough for a reasonable approach and landin@: (wlth turbulence). 

4. Q -- Was there noticeable control coupling? If yes, describe it and 
haw it affected fl ight path/fUght reference control. 

A -- Yes, have t o  pitch down for dowrrward correction. This is  natural 
and aided by thrust pitching moment. IVo lax& effect. 
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5. Q -- Evaluate thrott le sensitivity and thrust margins (up and d m ) .  

A -- OK AEO. Marginal. to  inadequate for OEI. Throttle sensitivity 
OK. 

6 .  Q -- Describe the ef'fects of turbulence level on flight path/fUght 
reference control. 

A -- significant increase i n  mrucxtd. 

8. Q -- Describe the effects of crosswinds on flight path/fUght reference 
control 

9. Q -- Haw tightly did you regulate f l i gh t  path/flight reference and wby? 

A -- Fa i r ly  loosely t o  keep the workload down. 

10. Q -- Describe any difficult ies i n  trimming the aircrafi. 

A -9 Insignificant. 

12. Q -- Describe any difficult ies i n  hit t ing a reasonable f lare  windlaw. 

A -- See (3). 

13. Q -- What were the most significant effects of going fram VFR to  IF%? 

A -- See (3). 

14. Q -- Relative to  the appmach task, what,  i n  yoar opinion, would be 
the major factors Influencing whether or not this aircraft  
could be certified. 

A -- I feel that a Flight Director might be mandatory for the IFR 
task simulated. 
f o r  VFR landing. 

This would ensure arriving a t  a suitable window 

(Flare and Landing) 

P i k t  Ratings: Calm A i r  = 4 
Turbulence = 6.5 - 7.0 

15. Q -- Describe i n  detail  a l l  flare techniques which you tried. 

A -- ( 1  ) Rotate to  level and add power sirmtltaneously t o  arrest  sink rate. 
(2) Add power and rotate t o  arrest  s i n k  rate. 



16. Q -- Which technique did you select and why? 

A -- (15.1). Like (15.2) best but mt t o  give (15.1) a fair t ry .  

17. Q -- What secondary control action was required for flare? How did this 
affect your selection of the flare technique? 

A -- See (15). 

18. Q -- Evaluate your ability to consistently control touchdown position 
and sink rate. 

A 0- Pretty good except in lo$ turbulence where wind shears are too 
high a frequency to cope with. 

19. Q -- Describe any problems encountered during balked landings. 

A -- Won't climb. 

20. Q -- Describe any problems encountered dturing OEI flare and landings. 

A -- No problem with f h r e  and landing i f  se t  up on flight reference 
and glide slope. Had a problem getting flight reference with 
low altitude failures. 

23. Q -- Describe the effects of other 0ff-nomim.l conditions (e.&, flight 
reference or power) a t  the flare window on the flare character is t !~~.  

A -- Fairly sensitive to  power. 

24. Q -- D i d  you experience s ~ r y  particularly severe w i d  shears or  turbulence 
near touchdon? If so. how ciid these affect the above rating? 

A -- Yes. Stron&?. 

25. Q -- Relative t o  flaw. a& ??c!iing, w h a t ,  in pur opinion, would be 
the major factor3 dnl l~mcing whether or not this aircraft  could 
be certified. 

A -- Must approach faster t o  give some An with 9 or have a higher 
frequency throttle. 

(General) 

26. Q -- Md the lateral-directional characteristics significantly affect 
your evaluation? If yes,  describe. 

A -- NO. 
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27. Q -- Would you certificate t h i s  a3,rcraft for all or 8ome of the operational 
conditions ~ r o u  experienced? 
dePcribe the operational restrictions youwould impose asd explaln 
orb. 

If for only some operational conditions, 

A -- No. See the last cement in each of the proceeding sec3ions. 

28. Q -- Do you feel  you have had sufficient training for tkLe conflguration? 
How confident are yau of the above evaluat?ons? 

A -- More IFR tracking might be beneflcial. Fairly ConfLdent of 
mding evdlua~ans. 
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PILOT E 

DATE!: 3 December 1974 

rmRPOSE : Airworthiness Evaluation 

DEVIATIONS FROM 
BASIC MODEL: None 

!MFm coMMEN!cs: 3 December 1974 

here's a table of the previous works' evaluation; i t ' s  
since...well, it's been flve nights since last one...it takes me a l i t t l e  
time t o  get back into m e  swing. We first looked at  holding the aerodpmdc 
flight path angle a t  6 deg and varying the geometric flight path angle by 
varying the w i n d  and holding the aerodynamic angle a t  6 deg. For that case, 
I f e l t  the big problem was the change i n  the visual scene from run to run. 
We had things like 9.5, 7.5, and 6 deg geometric f l ight  path angles. I tend 
t o  rely Trery strongly on the v i s u a l  scene for the last 30 sec of the flirht 
path and it t e  !b t o  ford that up. Other than that, I don't think there was 
any problem. 

first night 

OK, next we went t o  a case of constant geometric f l igh t  path angle, 
we switched back and forth on a 6 deg fl ight path angle, geometric, and 
moved the aerodynamic flight path angle 'rom -6 to  -3 deg. I was surprised 
a t  the d i f f l d t y  of controlling the glide slope and handling the gust 
disturbances on the shallower aerodynamic flight path angle and I really 
can't sort it out, it must be something associated wlth the very low ground 
speed. 

We just  completed a series of 1s turbulence llxlls on a 7.5 deg geomtric 
glide path, 6 deg aerodynamk. When compared with the 10% turbulence, i t ' s  
noticeably but not significantly a har6;n task. You increase p x r  percentage 
of go-arounds slightly. 

TR 1047-3, I1 126 



WRIT!lEN ZOMIBNTS: 3 December 1974 Pi lot  Evaluation Form 

1 .  

2. 

3. 

4. 

5.  

6. 

7. 

9. 

10. 

Pilot  Patings: &Lm A i r  = 3 
Turbulence = 4 

Q -- Describe the technique you used t o  make flight path corrections. 

A -- Same as 27 Xovembar 1974 Familiarization. 

Q -- Describe the technique you used t o  make f l igh t  reference corrections. 

A -- Same as 27 November 1974 Familiarization. 

Q -- Describe any diff icul t ies  you bad in making flight path or  fUght 
reference corrections. 

A -- Same as 27 November 1 9 4  Familiarization. 

Q -- Wa8 there noticeable control cross cmpUng? If yes, describe it 
ana how it affected f l ight  path/flight reference control. 

A -- Same as 27 November 1974 Familiarization. 

Q -- Evaluate t b o t t l e  sensit ivity and thrust margins (up and down). 

A -- Adequate. 

Q -- DescriSe the effects of turbul?nce level on f l i gh t  path/flight 
reference control. 

A -- Same as 27 November 1974 Familiarization. 

Q -- C:-mibs the effects of fUght path angle on f l ight  pathjflight 
refereme cantrol. 

A -- Geometric ArAgAe: 
Aero Angle: 

Change i n  visual picture quite bothersome. 
Had a l o t  of trouble with slow shallow, couldn't 

sor t  out why. 

Q -- How t i g h t l y  did you regulate f l igh t  path/fiight reference and why? 

A -- Same as 27 November 1974 Familiarization. 

Q -- Describe any diff icul t ies  i n  trimming the aircraf t .  

A -- Same a8 27 November 1974 Familiarization. 
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12. 9 -- ,%scribe a q  difficulties i n  hit t ing a reasonable flare whdow. 

P. -- Bot as much trouble as 27 November 1974 Familiarization. 

13. Q -- what were the most significant effects of going from VFR to IFR? 

A -- 80 problem tonight. 

14. Q -- Relative t o  the approach b s k ,  what, iC spur opinion, would be 
the major factors influencing whether or not this aircraft could 
be certified. 

P. -- yigh workload due to  poor e control, scan pattern required. 
B l i g h t  director would be very beneficial. 

Pilot Ratings: Calm A i r  = 5.0 
Turbulence = 6.5 - 7.0 

13. Q -- Describe i n  de ta i l  alL flare techniques -which you tried. 

k -- (1) 0 --to, 6T-h. 

16. Q -- Which technique did you select and why? 

A -- (1 )  only one tried. 

17. Q -- What secondary control action was required for flare? How did 
t h i s  affect your selection of the flare tech-ique? 

A -- See (15). 

18. Q -- Evaluate your abi l i ty  t o  consistently control touchdown position 
and sink rate. 

A -- Not bad but slow throttle response makes last minute 6 corrections 
due tc, gusts marginal. 

24. Q -- D i d  you experience any part icular4 severe wind shears or turbulence 
near touchdown? If so, how did these affect the above rating? 

A -- See (18). 

25. Q -- Re’Lative to flare and landing, what ,  in your opinion, would be 
the major factors influencing whether or not this aircraf’t could 
be certified. 

A -- Ability t o  make hi& frequency 1; changes close to the ground. 
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27. Q -- Would you certificate t h i s  aircraft for all or some of the 
npmtianal COZMU.tionS eXpariaC@d? If for Only 8Om@ O m -  
donal conditions, describe the Operational. restricticms you 
would impose and exphixi wby. 

A -- Wouldn't certify for gusts simulated. 

28. Q -- Do you feel you have had s u f f i d e n t  t r a h l n g  for this cdguration? 
Haw confident are you of the above evalmtions? 

A -- Yes. Fairly conf'ident. 



PIWT E 

PuRPoSE : Response and coupling investigations 

DEVIATIOIS FIPOH 
BASIC HDDEL: Faghe lag decreased by .9 sec, improves response DIC 

WED COM3IiTS: 4 December l g 4  

We just  ran out a series *re we started out without any DIC and then 
we brought in some DIE to  see i f  it would help this problem that we do have 
i n  the flare w i t h  the aircraft where you are primwily relying on the thrust 
in flare and the response is jus t  not f a s L  enough. By using the D E ,  the 
level of DIC we were using in t h i s  series of runs, quickens it just  enough 
that I think it takes it f'rom the aarginaUy acceptable/unscceptable airplane 
into an acceptable airplane, for  this level of turbulence. 
that you even feel  confident in actually modulating the thrust slightly 
during the flare; i n  other words, taking some power off i f  necessary t o  s t a r t  
dawn and s t i l l  have enough time to get it back on. 

It's good enough 

We just  completed a series where we've taka the DIX: out but decressed 
the engine time response and I can't detect the difference between the case 
where the engine responses have bee2 improved and/or the ca8e where the poor 
engine has the D E .  

We just  did a series of runs where we had a very powerfW. D I C  which 
gives us a very fast i n i t i a l  response on the fl ight path but washes out, 
apparently to about 3% of the peak value, i f  you hold the f l ight  reference 
constant. Wasn't too much trouble holding the flight reference constant, 
although it 's more difficult  to  hold the fl ight reference than without t h i s  
DIE.  
improves, I think, over the basic airplane. The real quick resposlse really 
seems t o  help - most of xqy trouble with this system is during the flare -- 
several times, maybe even 30$ of the landings, I bad a tendency to get into 
a PI0 during the flare. That is, I could see I was sinking fast so I'd 
add some thrott le and the thing would s t a r t  up and I'd see it was too much 
so I 'd jerk the thrott le off jus t  about the same time that the mhicle was 
starting t o  come down by i t se l f  and tended t o  get a l i t t l e  PI0 there. 

But as far as controlling the glide slope t r ack iq  I found it actually 

Bob j u s t  asked me i f  this overshoot on the fl ight path response rea- 
I think I've said a Little about it but l e t  me go a l i t t l e  b i t  

During the glide slope tracking I feel that it actually helps me. 
bothers me. 
further. 
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We jut nude a run w i t h  the basic vehicle foUmied by a mm w i t h  the 
pitch attitude hold SAS and it's pnretty much vhat I felt it w o u l d  ?E -- the 
pdtch SAS, of course, gives goa a little mum? stability in pitch. Y m  don't 
h v e  to be quit@ so CareAiL w i t h  your input8 but this is COmLtered by tale 
act that, with th@ bare aizframe, the pitching Ip[IIpEpt8 with the throttle 

So when poa use a pitch attitude SAS you are actmlly  holding force on the 
COW a little more t;han you'd like. In sunmumy, I think you're just trading 
off UQe factaF for the other and t k  WarblroBd icr about the same. 

, ax%! in the correct direction to help yanRlaCnaJ l ) t lF  fli&lt refkrence. 

We just  de tm, runs wnee the pitch SAS ha8 an intmcoxmect w i t h  the 
throttle so tbat when you advance tbe throw the aiFcraft pitch@s, at  lerrst 
in t k  s m  state, to the ctmrect tralae of pitch to hold the flight refer- 
ence right on and I think that's a b Q  -t. It really cuts down the 
warkbad in the lcngitndinal mode: you could f l y  the whole apprnwchwith just 
a single ccmtrol, throttle. 
is just enough to rotate the vehicle to align the attstude. 

It turns out that the amtnmt jar; add for flare 

W e  just tried flsing the basic vehicle w i t h  th is  flight Feference a t ' s  
nedudzed through power and 9 and I th€nk, 8s Anr as ease of flying, it's a 
definite inrprovement, well, it's a bf!&nite t, now, just how mch 
of an bpmmment...huw much it reduces the trorhlnad, I think the way I'm 
f w  the vehicle I tended to try and W e  a very tight attitude loop and 
not watch the flight reference all that closely anyway so I don't think it 
cuts down oa the workload all that much but it does cut it down sone, oh, 
on the order of .5 pilot rating or samething like that. 
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P1II)T E 

5 December 1 9 4  DA!rE: 

HIRWSE: Aimorthiness evaluation flare demonstration 

DWIA!I!IOS FROM 
BASIC MDDEh Hone, flare using pitch attitude 

TAPEDCOMBNlS: 5December1974 

We've just been looldng at a series of VFR hndings f'mm 500 ft, using 
about a -2 or  -2.5 flight reference instead of 0 and using attitude for flare 
instead of power. 
the basic airplane with the decreased thrust lags or the DE. 
have a very high fl-equewy control over the heave during the flare with the 
Frttitxtie and a t  this airspeed it puts the attitude i n  a very comfortable 
re&!. You can see the runway very w e l l .  Again, for this level of turbulence 
(we hoked to  up to l$  turbulence); lo$ turbulence has a pretty high workload, 
tbe pilot  ratS.ng would be somewhere i n  the vicinity of 5 or  5.5; with the le 
it starts slipping on down towards 6 t o  6.5. 

I think this conf'igumtion and technique is camparable to  
It's Uke you 

We're goin$ through the flare demonstration maneuver. We just completed 
a series of seven nominals fur baseline which w a s  a 6 deg approach, now we 
went t o  a~ 8 deg approach with zero wind and we tried to use the ground rule -- 
we'd flare at the same altitude and not bring the power to flare back up 
above the t r i m  power and then go ahead and flare and see how it turned out. 
It worked aut wry consistently, we were getting good f i r m  Landings. It 
took a very high rotation rate to arrest the sink rate but I would consir' r 
them safe -- in  fact v e q  much like some of the landings I was seeing ir. tk:  
1s turbulence with the nominal glide slope. We put the pilot  ratings m u l d  
6 to  6.5 again, ycu know. 

Comments on the flare demonstration using pitch for flare, heave modulation. 
We just did a couple of fast abuses. We were coming in 75 kt, -6 on the flight 
reference Versus the nolllinal of -2, and no problem a t  all. 
you have is for touching down on the nose wheel. We didn't even have to  
reduce power to get the aircraft on the ground. 
too sensitive. Charlie just asked me how this abuse compares with w h a t  we 
s a w  i n  turbulence . I don't think i n  turbulence I ever had any runs when I 
was that  far off that I was that close t o  touching down on the nose wheel. 
We touched down, I noticed one time, right a t  zero pitch. I think mybe i n  
that respect this abuse i s  slightly severe, sUghtly. 

The only concern 

The difference i n  the I& isn ' t  



We just  did a slow abuse and we are flying a t  about 60 kt with a fl ight 
It's a very high attitude, relatively high attitude, reference of about +2. 

just 2 deg --- not all that high really, but it changes the picture of the 
runway coming in, I know the different airspeed really felt like the sink 
rate was very much lower which gave me a tendency to kind of hoU off on 
init iation of the fLare yet when you went to  flare you'd rotate and nothing 
w o u l d  happen. And af ter  the third run I just  automatically flared a t  my 
s a m  altituhe which I've been using which i s  b ft and I'd start rotating 
and I'd s t i l l  touch down fa i r ly  severely with a fa i r ly  rapid rotation rate 
and fairly short. 
abusedthe flight reference anywhere near this amouut. 
on the high side mre  than I do on the low side. 

I don't fee l  during any of the turbulence runs that  I've 
I tended to  abuse it 

We just  did another slow abuse where we were down t o  about 63.5 kt, f l ight  
reference right on zero. 
i e ! d S t i C  abuse in  the turbulence as I saw it. 
even centered on the plus side of the fl ight reference so that was a plenty 
severe abuse and I think it showed up that if you t r y  t o  use the same pitch 
rate during the i n i t i a l  part of the flare using the same flare altitude, that 
it still makes the same landing, here, we touched down a l i t t l e  b i t  firm but 
not bad. 

Now I think this more chse ly  corresponds to  a 
In fact my abuses tend to  be 

It's a pretty good maneuver. 

We jus t  tried to do ( i t ' s  a l i t t l e  b i t  more difficult  a maneuver) we 
t r ied to do some power abuses coming into the f lare  and it's a l i t t l e  tricky 
trying to get the power, and the flight path, and everything else se t  so that 
you aren't sinking exceptionaUy and we're shooting for a couple percent low. 
I feel  2$ is  a big abuse -- I don't t h ink  I've ever seen numbers that large 
i n  the turbulence stuff we were running Shere y e t  we did get some pretty 
severe landings there. 
to be p e t t y  careful. 
some stops in on the quadrant and jerk it back would help out. 
this is closer t o  being i n  the right ballpark. 
me haw mew percent, I 'd say somewhere around 1.5 or something l ike that, 
maybe. 2 to  2 .'j$ was what we were shooting for here. 
Now Charlie said he wanted t o  see one, maybe jerk it all the way off. We 
could give that one a try, Charlie. 

Looks l ike it would be pretty easy t o  do; you'd have 
Probably a pretty good way to  do it would be build 

No, no I think 
You h a w ,  i f  someone asked 

No I don' t think so. 

I think we're asking for it. 

OK, Charlie jus t  had me t r y  one abuse where I brought the throttles to 
idle slowly as you would do i n  a CTOL vehicle and we got quite a hard touch- 
down and it was very apparent, visually, that something was a l i t t l e  awry 
and we had a high sink rate and so we had quite a large att i tude in  but we 
did touch down. Also got s t ick  shaker and I guess, really I've got more 
pad on stick shaker than I really should have, and I ain' t  got the st ick 
shaker there. 
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PIMT F 

DATE: 12-15 November 1974 

PURPOSE : Familiarization 

DEVIATIONS FROM 
BASIC MJDEL: Overall engine lag increased by 1 second 

This is subject pilot F and this is a snap flight, first flight 
on the Generic STOL Model. This covers Runs 14 - 26. We've done very light 
turbulence just  as an introduction, and then graduating t o  some crosswind 
from either side, and then finally into a little heavier turbulence, 4.5 fps.  
The difficult ies really compound when the turbulence star ts  to make you 
deviate f ' rom your targeted rimers on your various instruments. 
cross coupling between attitude and speed change that's very annqdng. 
original tendency was t o  ignore the f l igh t  reference i n  the calm air because 
there wasn't very much happening. 
factor that the pi lot  sees when he gets into the heavier turbulence. I've 
only seen two m s  so far and I don't have it a l l  fe l t  out but some of the 
things the instruments are t e l l i n g  me t o  do are, a t  least  a t  this stage of 
practice, going against w h a t  I really fee l  like doing, particularly nose 
attitude. 

There's a 
My 

There is a certain amount of confusion 

WE3 COMMENTS: 13 November 1974 

The main difference I've seen today i s  that I pay less attention t o  
w h a t  the attitude indicator is doing and attempt to fly the reference angle 
of attack with pitch, and the glide path with power, and accept a certain 
amount of transients that you get in attitude. 
aut better for me. 
today's flights because we've a l l  kinds of picture problems and of course 
they tend t o  be harder i n  the higher turbulence level. 

This seems t o  be working 
I wouldn't care t o  comment on the landings too much on 

The engine out stuff that  we did, once again aside from the landings, 
the biggest difficulty I had there was to  t r i m  the thing aut laterally and 
force xuy6eI.f to  get the nose over t o  put the reference angle of attack back 
up. You fee l  l ike you dive away from the glide path and the difficulty in 
trimming latertCLy i s  that you're very busy trimming longitudinally, and 
you can't hardly do it both ways, I don't think. The other significant thing 
on the engine out work is that it kind of catches you by surprise when you 
get dawn t o  flare t o  find aut that you've got 8 l o t  more energy than you 
think you have. The tendency then is t o  go ahead, you pick up a l i t t l e  
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speed by nosing down and then you do your flare and think you need a l o t  of 
power when you really don't need quite so much; so the teadezlcy for me was 
t o  overfly the spot, on 8 couple a t  least. 

The englne failures from 700 ft on in, the technique I've been using 
is to hold the pitch forces, t r i m  out the roll forces, and then drive in 
with the wheel off i n  the direction as much as it needs to  be. However, on 
that particular run, during the landing I had to use A;11l aileron because 
the wing came up a b i t  and it took everything t o  bring it back darn and 
hold it. 

F l a s i n g  a t  this altitude, w e ' r e  doing our cuts a t  4.00 ft. there really 
isn ' t  an awful lot of time to t r y  t o  get the aircraft  back to  some force- 
Free symmetrical way of - by the time you get down t o  the ground. Also 
it's very difficult t o  school yourself to push your nose Over because you 
see your flight path going flat. OK, once you get back on your reference 
speed there's a tendency, for me a t  least, t o  overfly t h i s  f l ight  because 
I've put a l o t  of power i n  t o  get r id  of the flat approach t o  start with and 
you're s t i l l  far enough out that you don't necessarily pick up the fact  that 
you've killed all the sink rate or mst of the sink rate uu t i l  you have 
gotten to an overshoot position, almost. Also, I 'm finding out t h a t  I ' m  
not really p.ying an awpul l o t  of attention t o  glide path or  anything else 
under these conditions; I ' m  just flying eye-ball. 

Now on that run, I started really crowding the ground and reverted to 
instinct and pulled the nose a l i t t l e  higher than I should have. Got st5ck 
shaker j u s t  before I crunched. OK, on these engine cuts the obvious must 
is t o  get the nose over and maintain the speed because i f  you don't you run 
out of control; and of course the forces get horrendously high along with 
it, it seems. 
got the power on and the nose over immediately. 
would go a l l  to  blazes on every one of them that I did, I think, because 
coming very flat i n  on most of them. 
well, of course it woulc2 be prcbably the most c r i t i ca l  condition for covering 
landing performance. Finally, I think, for me a t  least a t  this stage of the 
game, I'm not paying any attention inside the cockpit a t  a l l ,  except in the 
la t te r  couple of runs, to  check the flight path reference. But the tendency 
i s  really t o  keep your eyes outside, for me a t  least .  
particularly concern yourself with glide path and the rest of it. 

That was manageable as long as I was spring-loaded for it and 
Of course, performance 

It w o u l d  be a consideration for uh, 

You don't have to  

W E D  COMMENTS: 1 4  November 1974 

T h i s  flight represents a regression as far as I'm concerned. I wasn't 
really able to  do anything much a t  a l l  with the approach and landings. 
Probably acceptable i n  calm a i r  but as soon as I got into turbulence, I 
was i n  trouble. I could nevsr be sure when I was going t o  hit the spot 
o r  how hard. I ' m  trying t o  search for the reason, I don't have a radar 
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altimeter light, I think maybe I lean on that a l i t t l e  b i t  harder t k n  I 
thought I did, but nevertheless, I've used thrott le very poorly, I have to  
flare in lauding, and I ' m  putting it down t o  the fact that I don't seem to  
get anything that seems t o  t e l l  me how to do it. 
cloudiness might have something to  do with it; you can't do w h a t  you can't 
see and I don't think I 'm seeing it well enough. 
runway seems t o  be my problem. 

I think a touch of 

The closure rate of the 

WRITTEN COMMENTS: 15 November 1 9 4  P i l o t  Evaluation Form 

(Approach) 

1.  Q -- Describe the technique you used to  make f l igh t  path corrections. 

A -- After experimentation it becomes a mix between power and pitch. 
I think of power as primary but pitch attitude follows t o  keep 
f l ight  path reference. 

2. Q -- Describe the techuique you used to make flight reference corrections. 

A -- Used pitch ollly unless a substantial attitude change was required; 
then combinzd pitch and power. 

3. Q -- Describe any di f f iml t ies  you had i n  making f l igh t  path or fl ight 
reference corrections. 

A -- Lag between power correction and sink rate (or climb) response 
was moderately object.ionable - but tracking was OK. 
i n  too many overshoots when correcting. 

Just resulted 

4. Q -- Was there noticeable control cross coupling? If yes, describe 
it and how it affected flight path/flight reference control. 

A -- Quite c o m i n g  a t  first because pi lot  would see substantial 
attitude change from nominal and perhaps .need even more change 
in  the stme direction to  keep ?light path reference. 

5. Q -- Evaluate thrott le sensitivity slld thrust margins (up and down). 

A -- See (3) above. 

6. Q -- Describe the effects of turbulence level on flight path/flight 
reference control. 

A -- Increased workload, of course. But did not feel  nervous about 
transients that I saw i n  lo$ turbulence (+ - 5 units). 
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8. Q -- Describe the effects of crosswinds on flight path/flight reference 
control. 

A -- Only significant effect was increased workload and possible 

Q -- How tightly did you regulate fl ight path/flight reference and why? 

effect on performance, which is  unknown. 

9. 
A -- FP and FR as t ightly as possible because of desire t o  h i t  an 

ideal &dow for flare. 

10. Q -- Describe any difficult ies i n  t r imjag  the aircraft. 

A -- For me, very busy on longitudinal trim since I tend t o  f l y  with 

Need t o  trim both ht. and 
t r i m .  Busy because ideal. t r i m  attitude varies with power. During 
engine out - serious trim problems. 
long. but one must wait for the other. 

11. Q -- D i d  you t ry  any deliberate fl ight reference or flight path abuses? 
If yes, describe the effects of the abuses on the aircraft 
characteristics. 

A -- Yes, but no surprises. 

12. Q -- Describe any difficulties i n  hit t ing a reasonable f k r e  window. 

A -- Very l i t t l e  margin for error. Very slight mistakes can result 
in  unacceptable landings i n  either position or  sink rate. 

13. Q -- What were the most significant effects of going from VFR to IFR? 

A -- B t r a  workload to  track localizer. 

14. Q -- Relative t o  the approcch task, w h a t ,  i n  your opinion, would be 
the major factors influencing whether or not this aircraft could 
be certified. 

A -- Ability to h i t  an acceptable TD zone and sink rate. Ability 
to  handle engine failure safely. 

(Flare and Landing) 

15. Q -- Describe i n  detail  all. f lare techniques which you tried. 

A -- About two degrees nose up and then gradually add power to 
touchdown while doing w h a t  i s  necessary to hold the selected 
attitude. 
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16. Q -- Which techique  did you select  and why? 

A -- Above technique seemed t o  work f a i r ly  well. 

17. Q -- What secondary control action was required for  f lare? How did 
this affect  your seie;tion c ?  +,:le f l a r e  technique? 

A -- Addition of power. 

18. Q -- Evaluate your ab i l i t y  t o  consistently control touchdown position 
and sink rate.  

A -- Fair ly  well grouped but mistakes i n  use of power gave same as 
long as TOO+ fee t  and others, short of the zone. 

20. Q -- Describe any problems encountered during OEI f la re  and landings. 

A -- Getting too slow and running out of l a t e r a l  control. 

21. Q -- Describe how fl ight path abuses affected f la re  and landing. 

A -- Abuses resu l t  i n  greater sca t te r  i n  sink ra te  and position. 

Q -- Describe the effects of other off-nomina1 conditions (e.g., 
flight reference or  power) a t  the f la re  window on the f l a r e  
characterist ics.  

23.  

A -- Nose low abuse causes you t o  overfly the zone. 

24. Q -- D i d  you experience any part icular ly  severe wind shears o r  turbulence 
near touchdown? If so, how did these affect  the above rating? 

A -- A. couple, which prcbably effected sink rate and TD position. 

25. Q -- Relative t o  f l a r e  an2 Landing, what, i n  your opinion, would be 
the major factors influencing whether or not this a i r c ra f t  
could be cer t i f ied.  

A -- Ability t o  make consistently good lafidings i n  turbulence and 
shears. 

(General) 

26. Q -- Did the lateral-directional Characteristics significantly affect  
your evaluation? If yes, describe. 

A -- NO. 



27. Q -- Would you certifi-zate t h i s  aircraft for a l l  o r  some of the opera- 
t ional  conditions you experienced? 
conditions, describe the operational res t r ic t ions you would impose 
and explain why. 

If f9r only some operational 

A -- Need to  see more before making this judgment, particularly O E I .  

28. Q -- Do you feel you have had sufficient training for  t h i s  configuration? 
How confident are you of the above evaluations? 

A -- Performance was reasonably good so I ’ m  happy with the evaluations. 

29. Q -- Any additional comments? 

A -- This wri-Le up encompasses more than one flight and I saw d is t inc t  
differences on these f l ights .  
f la re  with pitch f o l l o w e d  by power using visual cues and was rea- 
soilably content With performance except for  l$  tcrbulence. 
It should be noted that i n  my rating scheme a 4 should be 
acceptable f n r  routine a i r l ine  operations. 

On the first flight I was able t o  

1st FLIGHT 

CONDITION APPROACH 

1. Light turbulence 3 

2 .  I @  turbulence 3 

3. I $  turbulence 5 

2nd FLIGHT 

CONDITION APPROACH 

1. Licht tur i iuknce 3 

2 .  I O $  t u r t d c n c e  5 

5 .  1 ;‘. turbulence 5 

F m  AND 
tAM)ING 

3 

4 

10 

FLARE AND 
LANDING 

7 

7 

10 



The reason for the unacceptable ratings i n  flare and Landing are 
because I was unable t o  rely on visual cues to land and had t o  
rescrt  t o  mechanical application of power which is not acci$Lble. 

I'm not sure which times we flew 1%. 
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P I U T  F 

DATE : 1 8- 1 9 Novenber 1 974 

PURFOSE: Airworthine 8 s hraluat ion 

DEVIATIONS FROM 
BASIC MDDEL: Overall engine lag increased by 1 second 

TAPED COMMENTS: 19 Noveniber 1974 

The impressions are rather mild for the two runs that I took. There 
didn't seem to  be any really objectionable characteristics except perhaps 
just  a tiny b i t  more difficulty in  judging just how t o  use that Wwer a t  
that new approach picture. 
that approach but I think i t ' s  probably the learning curve that the pilot  
goes through. 

Not serious. I think the airplane feels OK i n  

On that par t icu lar  case, eveu though I was holding a higher power, I 
didn't get into any limiting situation with the power. It seems like it 
takes a l i t t l e  b i t  mre  fins tuning t o  keep everythixig where you want it 
a t  the f la t te r  attitude and with a 300 f t  nominal indicated sink rate, that 
seemed t o  make it a l i t t l e  b i t  more difficult  but perhaps that's lea- 
curve, too. I didn't hit the stops on power a t  all and was able to  track 
with a relatively good degree of accuracy. 

t o  be f la t .  
slope just automatically; because I'm used t o  the other picture aw.J I Uke 
it better, so I automatically started to steepen the approach, a t  least  I 
think I did, anyway. I don't l ike that one that mch, it's a poor feeling 
dragging it i n  from that  far. 

What I think I ' m  doing, or did, on that run i s  OK. I knew I was going 
I was f l a t  but once I broke out I started reacquiring e steeper 

The real  f l a t  approach is  pretty uncomfortabh. You're really &-z@.r,q 
the ground after being used to the  steeper approach and I landed short of 
the zone. 
power...you just  as well maybe overshoot as undershoot, I believe, on these 
flat approaches. It just  dc- -'.It feel  like yr>u get a very good cue on what 
t o  do with power or. those. 

I think the tendency is to really not exactly know w h a t  to  do with 

Now the problem wlth that one, I think, i s  pretty obvious i f  you 
watched it. You're coming i n  with 8 whole lo t  of speed, you've got an awful 
l o t  of f loat  capability there, and, again, it would take find of a learning 
process to  decide -- you'd have to look a t  it a couple of times t o  decide -- 
really what to  do with power. I 
f e l t  1 was going t o  touch any second with that real  f la t  attitude; i t ' s  hard 
to tell. just when your wheels are qoing to se t t le  in. 
say that's acceptable. 

I still had pcwer on when I touched down. 

So we can't hardly 
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You can't really say which i s  doing it t o  you, the  f la t  approach which 
is certnioly c&-ing you as t o  when your wheels are going to  touch, I 
think, a t  least I f e l t  that way, and of course the high ground speed crowds 
you into making rapid thrott le a c t h n  which you know is going t o  hurt you 
if  you do it so i t 's  a pretty uneasy kind of an approach. 

Ih the 1% turbulence, the significant thing that occurs t9 me is that 
I thinl, once again, we have a situation heie where, if I happen t o  get 
the wrong snears I'll feel one way about it u d  i f  I happen tn .?o enough 
runs and doo't get >ad s3ears a t  the wrong time maybe I'U -. another 
way about it. I happened t o  see a bad situation there because right a t  
the end got a sink rate, filled i n  full power, and couldn't control tht 
sink rate so that's definitely a no, no. 
limits of the airplane with these kinds of things, here. 

We were starting t o  get t o  the 

Right up to t i e  time, ilmost, the pilot  hits the stops he doesn't 
cmplai 
a Ian& .3, then he won't like it. 

30 much but i f  he hits it i n  tracking too often or certair,ly i n  

On the engine out, I did h i t  latepal stops a couple of times, even 
though I tu.& I was pretty close t o  ngr f l ight  reference attitude. Once 
again, I didn't ?ick up the altitude where y-ou failed at .  Where was it? 
[bOO ft.] It 
is  an unbalanced airplane. 
being bad bat I s t i l l  ha? lateral force in. I'm not sure w h a t  t o  say about 
that reaction of poking awur nose over right fast.. .that's another learning 
process, I guess. But, you how, it is certainly distinctive of regular 
aircraft, I think. 
I usually pump a l i t t l e  in  there i f  I have the airspace t o  do it just t o  
note whether I ' m  going to keep speed while I'm doing some other things. 
Majrbe that's something I: should be doing s m e  thinking about. 

But I was s t i l l  t r i d n g  it as I got down t o  the ground. 
I accepted the longitudinal forces as not really 

So, maybe I don't think that's too troublesome either. 

WRIm COMMENTS: 19 November 1974 Pilot Eval--?tion Form 

1.  Q -- Describe the technique you used to  make flight path corrections. 

A -- Generally, power for fl ight 'h. Scree mixing a t  times comes 
naturally when pilot  coordinates attitude and power. 

2. 9 -- Describe the technique you used to  make flight reference correctims. 

A -- No absolute technique, pmticularly i n  turbulence when needle is  
Most times I meet t o  need t o  pitch down af'ter m e r  bouncing. 

reduction but 03 some occasions I had to pitch up and vice versa. 
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3.  Q -- Describe any diff'icultics you had in  making flight path or  flight 
reference corrections. 

A -- Mostly the heavy workload in  coping with turbulence and shears. 
These are more and more difficult as ;you near your window for 
flare. 

4. Q -- Was there noticeable control cross coupling? If y e s ,  describe it 
and how it affected fl ight path/flight reference control. 

A -- Beconing much less a problem than on prev%ous flights. 

5. Q -- Evaluate thrott le sensiSfvity and thrust margins (up and down). 

A -- Throttle t o  A/C response s t i l l  too slcggish, particularly in  
flare. 
flare before pilot cues demand t h i s  power. This is not acceptable 
because there will certainly be times when, because of Late f l i gh t  
path correctlons, any addition of power m y  cause severe overshoo3s. 

Pilot is  forced t o  mechanically begin to add power for 

6. Q 0- Describe the effects of turbulence level on flight pathlflight 
reference control. 

A -- Same. as always - increased workload - somarhat sloppier performance. 

7. Q -- Describe the effects of flight path angle on fl ight path/flight 
reference control. 

A -- Hone noticeable except that i n  10s turbulence p l o t  is aware he 
i s  near the stops, in I$ turbulence he finds he is on the stops 
(fly up) during shallow approach paths whcre he i s  carrying high 
power anyway. This is not very comfortable. 

8. Q -- Describe the effects of crosswinds on f l ight  path/flight reference 
control. 

A -- Slightly poorer performance, higher workload. 

Q -- Haw t ightly did you regulate flight path/fli&t reference and why? 9. 
A -- As tight as I could on path and reference due to  knowing that I 

want t o  h i t  an ideal f lare  window. 

10. Q -- Describe any difficulties i n  trimming the aircraft. 

A -- A fairly continual need i n  turbulence i n  TiLch, also laterally, 
could not  completely set t le  down i n  heading when tracking G/S. 

11. Q -- Did you t ry  any deliberate f l ight  reference or fl ight path abuses? 
If yes, describe the effects of the abuses on the aircraf t  
characteristics. 

A -- NO. 
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12. 61 -- Describe any difficulties i n  hitting a reasonable flare window. 

A -- Had fairly good grouping. But s t i l l  a feu long and a feu short. 

13. Q -- What were the  most significant effects of going from VF'R to IFR? 

A -- Increased lateral workloEd. 

14. Q -- Relative to the approach task, what, i n  your opinion, w o u l d  be 
the major factors influencing whether or not this aircraf t  could 
be certified. 

A -- A b i l i t y  to maintain acceptable margins during engine out. 

(Flare and Landing) 

15- Q -- Describe i n  detail all flare techniques which you tried. 

A -- Nose up to slightly above level and "mechanicaUy" begin t o  add 
power for balance of flare. 

16. Q -- Which technique did you select and why? 

A -- As above. Thrust lag made mechanical input necessary. 

17. Q -- What secondary control action was required for flare? How did 
this affect your selection of the flare technique? 

A -- A s  above. 

18. Q -- Evaluate your abi l i ty  t o  coisistently control touchdown position 
and sink rate. 

A -- Pretty good but s t i l l  covered from about 180 ft t o  720 ft approx. 

20. Q -- Describe any TJlr3blems encountered during OEI flare and landhgs. 

A -- Had one a t  kW f t  IFR -- landed safely but not happily since no 
time to  t r i m  out asymmetry. 

23. Q -- Describe the effects of other off-nominal conditions (e.g., flight 
reference or power) a t  the f h r e  vindow on the f h r e  characteristics. 

A -- Stretched out performance 'I'D and sink rate. 

24. Q -- D i d  you experience any particularly severe Kind shears or turbulence 
near ta-:hdown? If so, how did these affect the above rating? 

A -- Yes. During 1% turbulence. 
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2>. Q -- Xelative to flare and h d i n  , what, in your opinion, would be 
the mor factors influencing whether or not this aircraft could 
be certified. 

A -- ~mprove engine h g  EXHI try in 1% turbulence. 

(General) 

26. Q -- Did the lateral-directional characteristics significantly affect 
your enhation? If yes, describe. 

A -- not particularly except for OEI. 

Q -- Would you certificate this aircraft for a l l  or some of the opera- 27. 
t i o n a l  conditions yuu experienced? 
conditions, describe the operational restrictions you would impose 
and explain why. 

If for only sune operational 

A 9- C e r t a i n l y  not more than lo$ turbulence. 

23. Q -- Do ;you feel you have had sufjXcient training for this configuration? 
How confident are you of the above evaluations? 

A -- Yes. 

9ilot Rathgs : 

C O N D r n O I i  LDPRQACH LAHDING 

Light turbuleme 3 7 
10s turbulence 3 7 

I 10 1% turbulence c. 

The reason for unacceptable ratings in landing in light turbulence and 
10% t-arwence i s  that  it was necessary for me to  add power mechanical&- 
before I had the cue to do so, in order to achieve desired perfomce. 



PIWT F 

DATE: 20 November 1974 

PUTW)SE : 

3E'JIATIONS FXOM 

Modification of Flight lath/FlighC Reference 
Cross Coupling 

EASIC WDEL: --- 

I j u s t  now began to evaluate the effect of a washout signal. It's a 
D E  setup on the thrott le and the signal is  washling out a f te r  so many seconds. 
It seems to me  that the effect this has i n  the tracking task i s  to  increase 
the workloaC and i t ' s  not too desirable because you make a thro t t le  input 
too, particularly i f  you're the kind that f l i e s  IVSI fa i r ly  close, you're 
looking for a nominal sink rate or something, or whatever you're looking for 
you'd l ike t o  be able to ease the throt t le  t o  that point and keep it but 
you don't so that means checking back t o  the instrumnt again i n  a second 
or so and making another correction. 
how much washout you're going t o  get i n  response. 
t o  it in the tracking problem. 
in shears are concerned, you could probably do pretty good i n  that respect. 
That is, probably i f  we did enough of them, performance might look better 
from this standpoint of large divergences i n  glide path. 
that. 

So you're really trying t o  interpolate 
So that's xny major objection 

Hawever, it seems to be that as f a r  as tracking 

I'm not sure  about 

In the f lare  and landing, though, it seem t o  be a very demanding kind 
You get a response and you think everything's fine and then things of thing. 

start changhg. 
3 - o ~  power and probably pitch att i tude also t o  t ry  to get this  thing on the 
ground. 

So once again, you're very, very busy i n  the flare with 

It's much harder t o  do with this combination. 

Well, no, Bob, certainly [the pilo+. rating is worse by] two points, maybe 

Number one, I didn't use the fast/slaw needle, 
mre,  mostly for the ... well, ma@e a pvint less for the tracking and a t  
least  2 points for the flare. 
I forgot, t o  t e l l  you the truth. 
needle and no, I didn't  notice any difference because I don't think I'm 
flying it terribly tight; I'm sort  of, with the side of my eye, knowing where 
it is  and then occasionally I'll look over and retrim to where I think I 
ought to  be.  
cerned, no. 

And so I was s t i l l  using the angle of attack 

But I haven't seen .-ny difference as fa r  as that part i s  con- 

The configuration we're looking a t  now i s  with pitch SAS and we've a l so  
got the better throt t le  setting, and it is  the best thing I've seen. With 



the pitch SAS, the workload i s  diminished tremendously as far  as the pitch 
attitude or even, for that matter, the flight path reference because the 
fact that you're not getting a l o t  of bobbling around i n  the nose gives you 
much more w e l l  behaved flight path reference. 
that area. Tracking is much better, that is, as far  as workload i s  concerned; 
and it 's no problem for the pitch attitude i n  flare -- everything works 
out much better, considerably better. 
there, i t ' s  probably s t i l l  better than anything else we've seen but, 
unfortunately, we just  don't have enough aircraft  response t o  handle that 
kind of turbulence. That's about it, I think. 

So your workload is  down i n  

Until ;you go to  1% turbulence and 

It's the best combination that we've seen so far.  It just takes the 
workload really out of the job almost completely. The only place where it 
seems t o  lack anything i s  i n  the 1$ turbulence. Even there, the wor-kload 
is  considerably l m r  and of course you're more than likely going to h i t  
a better, a t  least ,  f l ight reference window down low but it s t i l l  doesn't 
help with the judgment problem you have because those big shears, both 
laterally and ;ongitudinally. 
with the pitch SAS except f r o m  the workload standpoint. 

I can't really say you aren't any better off 

As far as everything else, a l l  the way up ... well, first of a l l ,  tracking 
in anything up t o  10s turbulence i s  like a 2 because there isn't very much 
that you need t o  do. 
but certainly tracking is easier with the pitch SAS. 
turbulence seem t o  be the culprit i n  the whole picture that would tend t o  
degrade the ratings. 

I don't want t o  put a number on the 1% turbulence, 
Once again, the le 

Pitch SAS with auto t r i m  i s  what we're flying. T h a t ' s  a l i t t l e  b i t  
subtle, I think. 
I don't know that the perfom ice is going t o  be terribly much better. 
think maybe so; up unt i l  the 10% turbulence case, yes. 
fly up t o  a pretty good Window more consistently even though I haven't 
looked a t  that many of them. 
rating the flare and landing higher i n  this also because i t ' s  certainly not 
a t  a l l  annoying t o  the pilot. 
maybe because I was getting too lazy on the throttle, I don't know, or 
maybe it was a shear situation, but the fellows here pointed out that I 
would get 5 deg nose up and I wasn't perturbed by any forces or anything 
i n  the controls fighting me a t  a l l .  

Certainly ~rou're getting there with so much less work but 
I 

Because you get to 

I feel  pretty strongly that you would end up 

On several of the approaches I was short, 

So I really was pleased with it. 

With the auto t r i m  pitch SAS in, the fl ight reference was much more 
w e l l  behaved and, i n  fact, the pilot  could almost ignore it. A l l  he's doing 
i s  monitoring it and it was very well behaved and stayed within a very narrow 
band. 

We just  changed sensing system for the f l i g h t  reference where you're 
feeding i n  thrott le and attitude to  drive the needle. It 's easier for the 
p i lc t  t o  f ly  -- i t ' s  taking a l l  the chatter out of the needle that he sees 
when he's hooked t3G angle of attack and as far  as what he does with the 
airplane i s  concerned, there's nothing that he has t o  change i n  the way of 
activity here. He just sees a better behaved needic. 
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PIIOT F 

DATE: 21 November 1974 

PURPOSE : Airworthiness Evaluation 

DEVIATIONS FROM 
BASIC mDEL: Flight condition a t  FR = -4 units 

TAPED COMMENTS: 21 November 1974 

We're flying a 4 deg nose-down reference which they've fixed t o  read 
zero in t he  cockpit. It means pur nominal att i tude for approach i s  about 
7 deg nose dawn and that you' re  flying. . .indicating 70 as opposed t o  61 on 
the previous flights. I haven't seen anything that's really outstandingly 
different. The rotation, of course, i n  the flare -- you have more of a 
rotation t o  make to  get t o  level but it doesn't leave ILL? any impression 
that it 's diff icul t  t o  get t o  that rotation. You're s t i l l  doing whatever 
the window you h i t  t e l l s  you t o  do with power, which is no different than 
w h a t  we were doing previously. 
ferences i n  the airplane characteristics, flying a t  the higher speed. There 
is the one major difference that the pilot  notices, that is  i f  he compares 
the slower speed with this speed, and that i s  he doesn't get a U  the radical 
attitude excursions a t  this speed that he got when milsing power changes at 
the slower speed. 

I can't honestly say I feel  any big dif- 

OK, w e ' r e  flying the I $  turbulence and the chief difficulty that I 'm 
having i n  the IFR situation is  just getting t o  en ideal window. 
that q f la re  and landings are a ?ob more diff icul t  t o  judge because I ' m  
out of the window; and that's been pretty standard with most of the things 
we've flown. 
landing t o  t ry  to  get into the zone and into the target sink rate. So the 
workload gets pretty heavy a t  the end, there. 

10% turbulence that the airplane was better behaved than i n  the 1% turbu- 
lence, but I was mistaken. However, I w i l l  reiterate that. I t 's  a l i t t l e  
more subtle now but it does seem to  be a l i t t l e  better behaved i n  1% turbulence 
with respect t o  tracking. However: i n  the flare and landing, w h a t  I ' m  seeing 
there is  t'st you get a real  hand full i n  mixing pitch and power t o  get down 
into that zone. 
the point where I ' m  pitching over a t  times and up a t  other t i e s  and adding 
and taking off  power -- it gets t o  be a whole mix there. 
use a nice cue or simple technique. 

I f'ind 

I ' m  s t i l l  having an awfW l o t  of thrott le act ivi ty  during the 

OK, on the 1% turbulence -- I started to  say when we were using the 

So I ' m  doing a l l  kinds of things with pitch and power t o  

You can't really 



Pived-base, flying approach demonstration of approach t o  V b  and *. 
A very, very slow approach. Let's say you're approaching amax at a speed 
less than 1 kt/sec, t h i s  gives you about 18 deg et pusher and shaker, really 
there's very l i t t l e  change between the twcr, and 52 kt. If you speed up the 
rate of approach t o  something hi&er than 1 kt/sec p u  get a lower f l ight  
reference angle and a lower speed for init iation of shaker and pusher. As 
far as the entry into shaker and pusher are concerned, when you're tallring 
about a rate entry, it 10- t o  me like one of the safeguards is the homndous 
attitude change that you have to make to get there and I could see perhaps 
an evasive nnneuver doing that to you, or a kind of winding up a turn on an 
approach when you'd want to overshoot windline or  samething of that sort. 
But it is  a very substantial change that gets you there and I don't think 

pilots would leave off their instruments or accept that much change. 
I can't envision a situation where they wouldn't be back to work on their 
fl ight reference long before they got to the attitude change that would give 
them the problem. It almost goes for a slaw entry, too. And, of course, 
in  a slow entry you have a l o t  more warning between shaker and pusher. Maybe 
we are set up pretty good here; I ' m  not prepared t o  say what rate w e  should 
set up for a demonstration just yet. In a 30 deg bank turn where a pilot  
is  jus t  gradually t r imming nose uy, 1: went through about 450 deg probably of 
turn, gradually trimming, t r i d n g ,  t r iming before I ever got into the 
shaker and that's quite a while t o  be not making reference to your flight 
path reference someplace along the line. You have t o  be pretty w e l l  pre- 
occupied with things outside and be getting some s o r t  of a continual force 
that you t r i m  out. That's a fair ly  unlikely situation. 

WRIllYX COMMEITB: 21 November 1 9 4  Pilot Evaluation Form 

1. Q -- Describe the technique you used t o  make fl-ight path corrections. 

A -- Same as before [see 19 November 19743 (FR with e )  (FP with power) 
but with much less mixing of the two because change of pitch attitude 
with power was noticeably reduced. 

2. Q -- Describe the technique yau used t o  make fl ight reference corrections. 

A -- Normally expected to  pitch down slightly Kith power roduction and 

You learn t o  use pitch t r i m  button on w h a t  FR calls 
vice Versa but not always due to turbulence sometimes nose up might 
be required. 
for. 

3. Q -- Describe aw difficulties you had i n  making flight path o r  f l ight 
reference corrections. 

A -- It seemed t o  me that I trimmed more consistently in  the nose up 
direction to  Keep from having a negative FR. 
get high on slope than low and it seemed slightly harder to get 
back on from high side. 

A l s o  was more apt to 
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4. Q -- Was there noticeable control cross coupling? If y e s ,  describe it 
and has it affected flight path/flight reference control. 

A -- Cross coupling was quite natural; made FR control easier although 
those corrections that were needed were most often nose up. 

3. Q -- Evaluate thrott le sensitivity md thrust margins (up and down). 

A -- Acceptable for tracking but should be improved for flare and 
landing. 

6. Q -- Describe the effects of turbulence level on f l ight  path/flight 
reference control. 

A -- Just increased workload and less precise performance - increasing 
as turbulence increased. 

8. Q -- Describe the effects of crosswinds on fl ight path/flight reference 
control. 

A -- Not significant. 

9. Q -- How tightly did you regulate f l ight  path/flight reference and why? 

A -- T i g h t  as I could for the turbulence conditions. Desire to  h i t  
D i d  not see quite such large transients i n  FR optimum window. 

with this configuration, probably - + 4 i n  1$ turbulence. 

10. Q -- Describe any difficulties i n  trimming the aircraft .  

A -- None. 

11. Q -- Did you t ry  any deliberate fl ight refereaw or fl ight path abuses? 
If y e s ,  describe the effects of the abuse: on Y e  xircraft 
characteristics. 

A -- NO. 
12. Q -- Describe any difficulties i n  hit t ing a reasonablc flare window. 

A -- No huge difficulties I n  getting t o  the window except those 
expected in  turbulence and shear. But, not sure the window 
we had was optimum f o r  this condition. 
closer to threshold. 

GPI neefled to  be 

13. Q -- What were the most significant effects of going from VF'R to  D R ?  

P. -- Workload only. 



15. Q -0 Relative to  the approach task, w h a t ,  i n  your opinion, would be 
the major factors influencing whether or not t h i s  aircraf i  could 
be certified. 

A -- None. It i s  acceptable i n  the approach. Not including OEI 
considerations. 
standpoint but handling quaLities much better a t  this speed. 

This part is  unacceptable fmrn a performance 

(Flare and Landing) 

15. Q -- Describe in  detail  a l l  f lare techniques which you tried. 

A -- Approached the flare with the intent of pitching to a desired 
attitude and finishing with power but found I often had to do a 
l o t  of mixing t o  t ry  t o  h i t  zone. 
resorted to  a pitch down to  feel  for  zone a l l  the w h i l e  modulating 
power i n  various directions. 

Many times would pitch up then 

16. Q -- Which technique did you select and why? 

A -- See above. 

17. Q -- What secondary control action was required for flare? Has did 
this affect your selection of the flare technique? 

A -- See above. 

18. Q -- Evaluate your abil i ty to  consistently control touchdown position 
and sink rate. 

A -- Not acceptable - - for me too much work, too many judgments 
needed so that the resultant landing feels Like too much chance 
involved. 

20. Q -- Describe any problems encountered during OEI flare and landings. 

A -- Inadequate performance - could not make runway. 

23. Q -- Describe the effects of other off-nominal conditions (e.g., 
flight reference or power) a t  the flare window on the flare 
characteristics. 

A -- Effected touchdown zone and li adversely. 

24. Q -- D i d  you experience any particularly severe wind shears or turbulence 
near touchdown? If so, how did these affect the above rating? 

A -- Only flew two in  1% turbulence. Impression was that this con- 
figuration i s  slightly better behaved but s t i l l  not acceptable 
i n  1% turbulence. 
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25. Q -- Relative to  flare and landing, w h a t ,  in pur opinion, would be 
the major factors influencing whether or not this aircraft  could 
be certified. 

A -- TD and fi scatter and conqistent technique plus evaluation of 
workload in  achieving desired performance. 

(General) 

26. Q -- Did the lateral-directional characteristics significantly affect 
p& evaluation? If y e s ,  describe. 

A -- NO. 
27. Q -- Would you certificate this aircraft  for all or  some of the opera- 

tional conditions you experienced? 
conditions, describe the operational restrictions you would 
impose and explain why. 

If for only some operational 

A -- Light turbulence only due t o  previously described problems i n  
flare and landing. 

28. Q -- Do you feel you have had sufficient training for th i s  configuration? 
How confident are you of the above evaluations? 

A -- Yes - - but might change evaluations if  GPI were tailored t o  the 
A/C . 

29. Q -- Any additional comments? 

A -- RATIMGS 

CONDITIONS 

( 1 )  C a l m  A i r  

(2) 10% Turbulence 

(3) I$ Turhii.ence 

FIARE & 
APPROACH LANDING 

3 

3 

5 

7 

4 10 

No differences VFR or I F R .  
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PIMT G 

DATE: 

PURPOSE : 

3 December 1974 

Familiarization 

DEVIATIONS FROM 
BASIC MODEL: None 

TAPED COMMEXTS: 3 December 1974 

Our basic problem with the engine out failure during the approach 
appears t o  be.. .the pi lot  has t o  be aware that rudder applications are 
going to  hinder recovery rather than assis t  i n  recovery. 
be made almost exclusively with the use of aileron and once the desired bank 
angle and recovery i s  made, those forces should be trimmed out using lateral 
or aileron t r i m .  A pi lo t  should force himself to  keep his feet  on the floor, 
with no rudder inputs. 
right with the remaining thrott les t o  continue the approach. He has to  push 
over in i t i a l ly  t o  maintain his f l ight  reference. 
tendency but it may confuse some pilots;  again they my make the exact oppo- 
s i t e  application with the elevator and pull the nose up, trying t o  stretch 
the glide. 

The recovery should 

He's got a performance problem and he's got t o  get 

It's a somewha t  natural 

During the a l l  engine approach, i t ' s  a reasonably easy task for glide 
slope control in calm air; the problem i s  a l i t t l e  b i t  more pronounced i n  
turbulence; the crosswind problem i s  solvable too with a l i t t l e  b i t  of 
practice. 
w i t h  a l i t t l e  b i t  of practice. And again, the problem with the crosswind, 
l ike the engine out situation, i s  that you're not going t o  need very much 
rudder; i t ' s  mainly an aileron problem. 
further comments unt i l  I've a l i t t l e  b i t  more time i n  this simulation. 

I could get comfortable with the crosswinds that I saw today, 

I think I would l ike t o  reserve 

For engine failures during the approach, i f  you've already got the 
higher reference speed, then of course because you don't have t o  do the 
acceleration maneuver, since you're already there, and the engine loss 
problem there appears t o  be a l o t  less. 
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WRITTEN COMMENTS: 3 December 1374 Pilot Evaluation Form 

1 .  

2 .  

3. 

4. 

5. 

6 .  

a. 

(Approach) 

Pilot  Ratings: C a l m  A i r  = 4 
Turbulence = 5 

Q -- Describe the technique you used t o  make f l i gh t  path corrections. 

A -- Throttle application. 

Q -- Describe the technique you u e d  t o  make f l i g h t  reference corrections. 

A -- Attitude (pj-tch) control with elevator. 

Q -- Describe any difYixlt!.es you had i n  making f l i gh t  pa?h or  fli@j”lt 
reference corrections. 

A -- Down side. 

Q -- Was there noticeable contrcjl cross coupling? If y e s ,  describe it 
and how it affected f l i gh t  path/fUght reference controi. 

A -- Yes, mild pitch change w i t 5  th ro t t le .  

Q -- Ehlua te  th ro t t l e  sensit ivity and thrust  margins (up and down). 

A -- Satisfactory. 

Q -- Describe the effects of turbulence level on f l i gh t  path/flight 
reference control. 

A -- Pilot workload increased. FF/FR control satisfactory. 

Q -- Describe the effects of f l i gh t  path angle on f l i gh t  path/flight 
reference control. 

A -- Increased y s e a a d  t o  increase FP/FR control. 

Q -- Describe the effects cf crosswinds on f l i gh t  path/flight reference 
control. 

A -- Increased p i lo t  workload - lateral/directional problem. 

Q -- How t ight ly  did you regulate f l i gh t  path/flight reference and why? 

A -- Within + 1; dot u n t i l  about 1 5 0  f t  - f l i gh t  path corrections 1 - 
a f t e r  I f i o  f t  complicate the f la re .  



10. Q -- Describe any difficult ies i n  trimming the aircraft .  

h -- Aileron t r i m -  satisfactory. Pitch t r i m -  satisfactory. 

1 : .  Q -- Did you try any deliberate f l ight  reference or f l ight  path dbuses? 
If yes, describe the effects of the  abuses on the  a i rcraf t  
characteristics. 

A -- Yes - increased a reduced controllabiUty/maneuverability ; 
required more power for approach and sink rate control was 
degraded. 

12. Q -- Describe any difficult ies i n  hit t ing a reasonable f lare  wlnrlow. 

A -- 10% turbUienLc- caused difficulty but overall, satisfactory. 

13. Q -- What were the most significant effects of soing from VPR t o  IFR? 

A -- Required closer cross check of C D I  - slow approach speeds caused 
higher turn rates/ba.rk anglc. 

14. Q -- Relative t o  the approach task, what, i n  your opinion, w o u l d  be the 
major factors influencing whether or not this aircraf t  could be 
certified. 

A -- Consistent and repeatable d and - IIO tendency t o  overcontrol 
during f lare  under a U  anticipate '$D crosstrhd, turbulence, engine 
out, under reasonable abuses cases. 

(Flare ami Landing) 

Pilot Raticgs: Ca.'a Air = 5 
Turbulence = 6 

15. Q -- Describe in  detail  a l l  f lare techniques which ynu tr ied.  

A -- ( 1 )  Power only. 
(2) P i t a h  only. 

(3 )  Both power and pitch. 

16. Q -- Which technique did you select  and why? 

A -- No. (3) - power to slow li id pitch t o  clear nose wheel and 
secondarily t o  control (refrne) h. 

17. Q -- What secondary control action WBS required fcr flare? How did 
this  affect your selection of the flare technique? 

A -- Pitch co4x.-ol- none as  power was required for successful f lare.  



e6. Q -- Did the lateral-&txckianal characteristics s3.gnificarrtl.y affect 
your evalmtim? If yes, describe. 

A -- BO. 



DATE: 5 December 1974 

?-E : Response investigation 

DEViATIOS FROM 
BASIC bSlDEL: Decrsased engine lag versus D E  

Comments regarding the basic airplane and the flare mode u s i n g  primarib 
power and pitch for the rotation for flare. 
culties i n  contrc3.ling @de path ana the fl ight reference both in calm a i r  
and i n  turbulence to the ap?roach phase and getting into an acceptable window 
for flare. In gen+.ral, the workload is increased Kith tvrbulence; nowever, 
for t h i s  flare spx.ifically in czlm air the workload is not severe. There  
is  8 problem of -&ne lag and rotation and the visual cues as to when t o  do 
both of those but with practice -flu e m  normally cow in and Land, with 
training, with reasonable consistency. However, witk the overall, the touch- 
d m  dispersion and the touchdown sink rates are just on the bare e@e of 
satisfactory and I would thhk  t h e  significant wrtion, t o  a 35 percentile: 
on x and ii wrruld be unsatisfactory. 
is unsatisfactory with q degree of turbulence intrduced into the problein. 

I don't see aazy severe diffi- 

It seems to be marginal md it definitely 

These will be some cmments reE;arding use of DIE and i t s  effect on the 
flare and lan3ing distance. 
d thou t  D I E .  D E  appears to give you a greater heave and B mre responsive 
airplane and also a greater ability to control your touchdown point and sink 
rate, howsoaever. And i n  the tur5ulence I was finding it difficult  t o  stay 
ccnsis*.ent and, in th2 degree of tL-bbulacce t h a t  I was seeing, ROW this nay 
5e A learning curve and Wt,U improve k i t h  practice but on the basis  of ... hat 
I ' ve  seen so far, I wculc have to say that they both would be unsatisfactory 
with the degree of tubulerice I've m k d .  

I f e l t  the differences were sabtle with and 

2n these last we've been fl;ine With a @ckC?ned t k o t t l e  rc3pnn::e 
and it has very SigrLficantly i,nprcved my control, during the flare,  of f,fJUCkI- 

IC-m distance and sink rate. 
respnse is so muck! d i f ferat  in q y  mind than it i? with D U  hut I feel mich 
xore comfortable with the D I C  off: j u s t  the response based on increased 
throttle response. 

I'm not s a c t l y  sure ?.s t o  why the uircraft 

A l r i g h t .  we  went back and 1ooke5 at the original  D I C  and we mde two 
r ~ i : ~ ; .  
$0 behave better, I ' m  nore comfortable during the f lare  maneuver and hRve 
mrc control with the quickened thrott le response rather than the DLC. 

i h a w  tCi stick with rr;y ori-&ml conclusion, that t h e  a i q l a n e  appeEsrs 
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Althou@ the DIX: is.. .I'm feeling mare and more camiortable with it; I'm not 
as comfortable with it as I am with throttle. 

These coaraeents are r e m  the decreased DLC. We had a series of runs. 
O v e r a l l ,  th@ airplane c m h l l a b i l i t y  ua8 increased significantly and the 
target touchdown sink rates and distance cauld be controlled mr@ than the 
original DIE and more tbsn the incr@as@d throttle response. It would take 
practice to get consistent but once this had bee;? learned, I think ~rou have 
the controllability ther@ t o  zand specifically w h e ~  you want to; you do have 
additional control. But I do think this wcaiLd take somz learning and there's 
a d e f w t z  tendency w l t h  this additional co~tz-01 to over-contml sad this 
would cause problems like I had on one landing where I ?ad controlled npr sink 
and ~ O U C ~  too closely ma skippea and got ~~LOI-IN? and t h o  bounced 
down the lmlway but I think with this additional control you do have... you are 
more comfortable i n  the flare but there's more learning involved. 

We just d i d  a run ui th  a short engine lag and I f'hd myself Eking the 
glide path control; I found it easier than ~ 5 t h  the increased D E  and I find 
myself lgore comfortable i n  the flare. I learn the task easier when I'm more 
comfortable. 
there's not as much of a tendency to over-contsol as a result. 
with it. 

I'm not sure I have as much controllability but I can.. .but 
I'm happier 

I think that's all. 

We've gone back to the original airplane on t h i s  last run before the 
break and we're back to a 1 sec thrott le response and, again, these engine 
lags cause me much mre trouble and less c d d e n c e  i n  the f l a re  and to 
compensate for that I generally s t a r t  my flare a l i t t l e  b i t  ear l ier  arrd wait 
for the thrott le response an8 consequently the airplane response, and this 
doesn't give me the amount of control I had with the increased engine response. 
I dc.1.t l ike it as mch and I just  don't have thst additional cmtrol. 

Regardhg the second level of the DIX: with tha higher controlla3ility 
that provided that it vcy\x1c agpear on the basis of just 8 few short runs that 
t h i s  increased controllability that the airpZane might be ( in  a slight across 
that area) might be considered satisfactory. 
to  bear me out un pilot comments but the airplane is definitely more con- 
trollable, maybe too controhble .  
to  be roi 3idered unsatisfactory but with a Litt le b i t  of learning i t  could 
well be the other direction, it could be satisfactory. 

I wodd take a l o t  more data 

This added problem causes e n o m  dispersion 

On the basis of two runs using this  DLC with a . 3  ~en...I would say 
i t ' s  the cross coupling case, DE----at any rate, the aircraft  resprme Lr, 
thrott le input was very pronounced. 
ngr pitch att i tude and controlling sink =+,e, touchdown mint,  and in the 
flare seemed to  work out. 
but fn the flare the i n i t i a l  response was such that it was unknowlinely 
called for more than I needed and consequently I over-ccbtrolled it. 
it was unsatisfactory. 

Quite a bit of difficulty i n  wntm1Lir t~ :  

I found during the approach the control WBS thsrr: 

Gv~~r~1.1,  
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PIm c 

We've just k e n  doing a series of w i t h  tbe pitch attitude of the 
aircraft  set et I deg nose up using a no-flare technique, w i t h  the @tie 
slape path F.zt to intercept the nmway at b0 ft midmy ia the touchdmn 
zone and no turbulence. I've been setting ug a t  about a target of 11 fps 
and no turbulence. l& overall feeling is that the tmmhdom zone is very 
controllable and w i t h  a little practice p u  can get eckeniely consistent 
touchdowns Fn the middle of the zone. D- mgr runs I was consistently 
short. A t  that, I feel with a little Learning you could consistently get 
right into the middle of the zone and very reliably do so w i t h  a minimum 
amcnmt of practice. 

1 6  turbtileace was introduced to the problem along w i t h  a crosswiml 
and finally crosswind and turbulence. Each of these separate problems add 
to  the pilot worltloed but I think, with the -flare tecbmique, that basically 
the 0ve~' iL t w k  is  still satisfactory and one i n  which ~rar  can accomplish 
under these conditions fairly repeatably and get i n  the touchthm zone. 
A l l  in  a l l ,  I'm fa i r ly  pleased with the results and I think with a l i t t le  
b i t  of learning it would be a task that the average pi lot  could accompUsh, 
even with the 1 sec engine lag which, again, complicates that response. 

We're evaluating a steeper glide slope of 8 deg and Mgher sink rates 
and we're trying to determine whether or not this is  equivalent t o  something 
that -we might see i n  turbulence; these higher sink rates ending close to  
the ground - a t  about the time pilot  flare action would be required. 
as that's possible because of bwn gusts and you might be seeing because of 
turbulence that these higher sink rates during these approaches could tend 
t o  bring out the type of pilot response required to bring t h i s  touchdown down 
into the target range. The dynamics of this particular exercise are for calm 
winds, 8 deg. 
turbulence but you may see these kinds of sink rates close to  the ground and 
havz to  put in similar-type of p i lo t  actions, there, and the thrott le responses 
and uhatnot required t o  accomplish th i s  task after you flare. 

Insofar 

Doesn't make this simulation perhaps as valid as the actual 
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We've just  demonstrated a series of ruus a t  a higher speed. We went 
to p kt and the att i tude was se t  a t  -4 Q and higher speed appeared to  

give you a higher sense of Colltrollability. On the flare technique, aU. I 
did u8s leave the throt t le  set, by and large, and just rotate to clear the 
nose wheel for touchdown. 
actually the flare and the sink rates wen? actually below nominal. 
that ue're trying to sinnilate w i t h  this m e r  speed is the higher touchdown 
sink rates which didn't nranifest themselves or the tendency t o  go long which 
va8 only s l i g h t l y  demonstrated. 
airplane at  t h i s  speed and I think it tends to degrade the overall evaluation 
that we're trying to  accomplish. 

I think most of my landings were i n  the zone and 
The cbuse 

A l l  5n all it was a pretty nice f l y i ng  

The question was raised whether or not we are seeing these kinds of 
speeds ch;lrin@; same of the turbulence we've been in. I don't believe I've 
seen as much in a steady sta te  condition, and a steady state condition of 
70 kt is quite enjoyable but in the last seconds, that a turbulence of this 
mture would cause the speed to go 70 or not I don't think is as important 
as the change i n  att i tude that this turbulence may have caused. And I do 
believe we've seen as much as 5 or 6, -4 abaut 5 or 6 deg of e during sane 
of these abuses in  turbulence and consequently we'd see the pilot reaction 
and that a respanse would have to be similar, and particularly for near the 
ground where it's time to flrzre and you have t o  make a mre conscious effort  
of raising the nose to clear the nose wheel for  touchdown, so i n  that respect 
the simulation is valid. 

OK, we've just looked at the fl ight reference change of 4 CLeg mmhally 
changed to about +8 and the 8 for the approach was about 7 or  8, whatever. 
We mmaged to get most of the hndings, again, into the zone a t  these 
higher touchdown rates, no flare was done with the control column, j u s t  the 
power that was required to drive it into the touchdown zone. 
abuse is  not representative, i n  my mind, of the type of abuse you w o u l d  see 
i n  turbulence. 
going to  see gusts, or shears, or anything l i k e  that which might cause an 
increase i n  a of 4 deg. 
lations in  turbulence and anythhg causing the airplane to  pitch to an 
attitude like that, so i n  this particular area of investigation, I don't 
think the simulation represents w h a t  we'd see i n  real l i f e .  I think for a 
target area for future simulations that a excursions on the range of maybe 
2 deg might be more appropriate and certainly ought to  be investigated but 
I think the 4 we just looked a t  isn ' t  representative. 

This type of 

I don' t think, i n  and around the flare altitude, you' re  

I don't remember seeing it during any of the simu- 

These are comments regarding the 1s twrbuLence. We made 6 to 8 
In general, pilot workload was increased s ig~if icant ly .  
was degraded combined with the 1 sec engine lag, the overall pilot  task was 
not easily accomplished and well outside the target touchdown sink rate and 
distance. Overall, the task is  unsatisfactory with that degree of turbulence. 
I do question the validity of the turbulence model but should there be 
turbulence of those extremes, this airplane would not be capable of coping 
with the problem. 

Flight path control 
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We've jus t  =de a series of runs a t  9 deg y .  On the first m e  we made 
the correction f r o m  our nominal ra te  of descent, which was around 1000 fpm 
a t  9 deg, and the idea wa8 to add throttle t o  bring it dmm to around 600 fpm 
for the touch. I brought i n  throttle, €n a step motion sort of cqen loop, a t  
appraxinmttly 100 ft on the first case and it was easily acwmpUshed. 
wasn't a rapid and aynaroic last-minute-ditch pilot reaction as it would 
occur llormally when he rea,.Uzed that he had a high rate of descent close to 
the ground. So on the second run we delayed w i t h  om-loop r@sponse un t i l  
50 f t  where it became readily apparent to the pilot that he indeed was off 
the nominal glide path and w i t h  a high ra te  of descent so we made a last-ditch 
thrott le irrput and we took what we could get and as a result we wound up ge t thg  
pretty close to  the middle of the target zone, touchdown s h k  rate, as8 
distance. The intent of this increased y, front the original abuse case of 
2 deg, f r o m  6 to 8, (now we're going another degree to  9) was t o  deterrrbne, 
i n  the no-flare case, whether an increased abuse was appropdate, io@., 
since the pilot was not flaring could he tolerate a higher sink rate up to 
the flare point and conpensate for that. In  the l a s t  two cases you can 
s t i l l  get into the window and it would seem t o  be appropriate to examhe 
the no-flare case with an increased y of say as much as 3 deg abuse of 
scheduled 7 for  an airplane that would be operational with no-flare. 

It 

We j u s t  looked a t  2 cases i n  which we had a headwind component on the 

i n i t i a l  feeling there was 
order of 33 k t  and i n  one case the vertical  speed was kept constant and the 
glide slope was increased to  about 9.5 deg. 
that  it was not a real is t ical  operationaL thing that  would occur. What 
w o u l d  more than likely occur i n  the situation would be that the glide slope 
would be constant, i.e., around 6 deg scheduled and that the rate of descent 
would be varied t o  meet that glide slope. I would have t o  say that of the 
two that I flew, that the steeper glide slope ultimtely...now i n  both cases, 
the ground speed was the same but the flight path angle varied. I thinlt I 
had more trouble with the second case. The higher glide path angle, although 
uncomfortable, you st i l l  have the same gmund speed and you have plenty of 
time t o  compensate t o  get it on the runway. S m e l y  enough, I thought that 
the low rate of sink, low vertical velocity around 300 - 400 f'pm, with that 
l o w  grouud speed, muld be a simple pilot  task and we did this IFR down to 
a couple hundred feet and then broke out and in every instance even glide 
path control was harder, tracking was difficult ,  and a l o t  of pilot  compen- 
sation was made. I had a l l  the time in  the world to make the changes but  
s t i l l  those changes were required, over-controllbg was evLdent and it seemed 
like a reasonably busy task for the pilot, strangely enough. 

I guess this concludes my comments for this entire session on 
6 December l g 4 .  
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PIIMT H 

PURFOSE: Familiarization 

Fisst we make some runs s t a r t i n g  500 ft i n  UgPt turbulence, almost 
calm air. And it seems to  le that they were better than they were yesterday. 
I got some good hndingp but we've no repetition. In turbulence, IO$ 
turbulence, I f e l t  there was something wrong i n  the Last, say, 200 ft. 
When I make an abuse case fr<mn above the glide path, I use the power on the 
most on the stop and when I regain the slope, the to ta l  lag of engine and 
aircraft  response is too law so that I'm alwqrs $0- below the @de path. 
For the landing i n  turbulence, some are good and the others are no good, 
I think. It's because the to t a l  lag of engine plus aircraft response is 
too long. The pi lot  cannot fly t o  stop the sink rate; and the landings are 
not repeatable. Then we fly IS% and I feel that a t  200 ft or X O  ft there 
is no problem t o  fly the glide path. 
failures a t  400 f't or ft, the r;sain problem is the problem of la teral  
control because we need to t r i m  the plane to fly and below 300 Ft there is 
a problem of la te ra l  control but also forward control. You can recover 
better when your forward control is first and you change the attitude 2 
or 3 sec after. 
must have w i t h  a one engine failure, it's wry, very better. 
more problem. 

Then we run engine failure and w i t h  

But anyway: when you fly on the saw? pitch attitude that you 
You have no 
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puRposE: Modificprtion of response 

A t  the begiaoing the problem of the abuse case, say, 1 dlrot on the glide 
slope indicator at abaut 300 ft to  recapture the gUae slope, is if yuu want 

and below the glide slope and from thst tbe it 's wery difficult to  make a 
safe landing. 

to  r@aptm it, do it rapddly; you s t a r t  an osc i l la t im up and down dmve 

I found that  pitch easier to  f l y  and easier t o  land the pLrtnr But I 
flew the pitch at  4 deg and harcUy looked a t  the flight reference. 

The difference between the 1 sec and the 0.5 sec lag: the difference 
is  that you need not so much movement of the throt t le  so that on the short 
final you do not oscillate on each part of the glide slope and especially 
w h m  you make an abuse case a t  200 ft of 1 dot of gUde slope. 

We wanted to see pitch 8 deg down and fly the pitch a t  the flight 
reference cri teria.  We m w  that it does not work, especially during the 
flare because it takes %o o u c h  time t o  make the 8 deg rotation and this 
rotation has too much action on the vertical  speed when pitch attitude comes 
dynamically up to zero. .:%en we cl.range the lag of the engine to 0.5 sec 
and that seems to give it very good tracking even with the lo$ turbulence. 
And we made that in  evidence by making some abuse cases above the glide path, 
say 1 dot, and 1 dot below the glide path -- between 400 ft and 200 f t .  
Even i n  turbulence there are no oscillations about the glide path, it comes 
back smoothly on the flight path. 
out on the last two runs, about tracking i n  law altitude and VFR, disappear 
with 0.5 see lag. 

So, I should say that what I don't take 

We made some I F R  approaches jwt  t o  see how I was tracking with the 
1 sec lag and IFR so that we have something U e  a closure loop with thrott le,  
I could look a t  the vertical  speed indicator. 
t o  t h e  glide path so tightly and it seems we have less oscillation because 
we have an instrument which gives me vertical speed indicator t o  give in- 
dication t o  f l y  with thrott le as a ?rimary control. 

I th ink  i n  IFR we don't track 
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On the SAS, I think it does not give some good thing. Maybe it gives 
sone oscUlatian during the landings. 
we have the tendency to keep the pitch down a t  4 deg. 

It also diminished the margin because 

On this landing it seem I can very easily reach the touchdown zone 
and I make a big change in  attitude, say to more than zero deg. 
more than between zero deg and sometimes 3 t o  5 deg and add with power 
slowly, it gets you a landing that's about the same. 

To reach 

About these landings, they are 8 deg of flight path. I had two landings 
with bounce because when you are 1 sec Late you have to0 much power and you 
have a tendency to bounce. 
necessary to flare and to  3ring the pitch t o  zero attitude is a limitation 
of this plane because it gives a C~,which makes up everything w i t h  power 
gou want. 

I think the 5 or 6 deg of rotation which are 

That  seeas t o  be a good abuse case. About 35 ft at the begir,?lng of 
the runmy, I had some trouble j u s t  abaut 20 to 40 ft and I th3.m that 
should be a gai abuse to  judge the quality of the Landing and even the 
landing distance. 

On tk abuse, making a step backward on the throt t le  to simulate, in 
calm air, 8 vertical gust ihmward is  very hard to  do. I f e l t  I was always 
short and ha; .:\e feeling the aircraf't was going down i n  a frightening way. 
I pulled the nose up and 1 it my full power on and every time I touched down 
about 9 f p s  and I make a bounce and I lose about maybe 5QO feet  of the 
-Y 
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PILOT H 
_ _ ~  

DATE: 3 December 1974 

PUFWSE: Modification of responee/coupling 

DEVIATIONS FROM 
BASIC Ea3DEL: -0- 

TAPED COMM&[QTs: 3 Deceniber 1974 

A t  the end of Run 37 , I've been doin$ approaches starting a t  1 100 f%, 
IFR. W i t h  a cei l ing a t  abaut; 300 ft. After the f l r s t  approach it f e l t  like 
a normal plane even i n  the 10s turbulem; l.zvel. I could control the US 
flight path l o d i e e r  and ad@ path very w e l l  t o  300 ft arad well in VFR, 
too. Also during the landings, it seems t o  be well behaved. 

For the first time I thought I could land the plane where I wanted. If 
I had, af ter  this first step pooper input for flare, too much power I could 
come back slowly on the power and land 100 ft or 200 f t  l w e r  but a t  least  
I could do something. 

We have made flve runs with a slow flight reference, +4, and it seems 
t o  work well. I make good lmUng8 even w i t h  that flight reference se t  a t  
35 f%. L 

I jus t  made about 10 runs in lO$ turbulence with that DIX: and it seemed 
always t o  me that it works well, and that I can fly the plane i n  turbulence 
and land almost where ever I want, I would say. After we made some abuse 
cases, using the DIG on the 8 deg glide slope i n  calm air, there was no 
problem to  land within a reasonable distance and just  about on the touchdown 
zone and a pretty low sink rate. 
response. 
land in calm air .  You don't fee l  that it's re- dangerous to  fly that 
flight reference. And with the croeswind, the airplane is  too controllable 
and it seemed that it could land almost unassisted, which i s  a matter of 
configura.tion of the lateral. control. And dth the l$  level of turbulence 
you fly well t h o  plane which i s  just  a l i t t l e  b i t  mre difficiLt than the 
IO$ level. 

The p i h t  feels the airplane has a good 
I flew two f l igh t  reference abuse cases a t  +4 and i t ' s  easy to  

We perfomred a serieo of t es t s  t o  evaluate V,. With the l e f t  engine 
reduced, we slowed the speed t o  58 kt ,  wings level, and full rudder on 'the 
r igh t .  After we make aerodynamic V,, the speed generally preferred by the 
pi lot  should be arouud 70 kt .  
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PIIOT H 

DATE : 4 December 1974 

PURPOSE : Evaluation i n  V a r y i n g  Wind Conditions 

DEVIATIONS FROM 
BASIC M3DEL: --- 

TAPED COMMENTS: 4 December 1974 

For this second run, the technique I employed was 2 deg of left  bank 
and t r y  to keep the runway heading with about 2/3 of the rudder authority to 
the right, and that seems t o  work too well, 1 found. 

This run was made keeping the heading of the runway with 2 deg l e f t  bank 
and adding smal l  amount of rudder; but you can work w e l l  the rudder, espe- 
c ia l ly  a t  low altitude, t o  keep t o  the heading of the runway, and we had 
10 deg sideslip. 

On the last run, I made a decrab only with rudder, keeping the wings 
level and it seemed to  work w e l l ,  too. Decrab was made around, say, 20 ft. 

The last run was meant t o  see how t o  follow the heading of the runway 
with a sideslip about 12 de@; and a bank angle of about 2 deg and half of 
the rudaer deflection. 
ing the heading of the runway With the rudder, about half of the deflection. 
Sideslip was about 10 deg a t  the touchdown. 

This run was made with a l e f t  10 deg bank anti keep 

This run, I t ry  to maintain the heading of the runway during &%e approach, 
let's say from 200 f t  only with adding the (.......) about back. 
was made with 20 k t  of crosswind, and I tried to  f l y  that  and keep the 
heading of the runway but you need too much movement on the rudder and i t ' s  
not very precise so I think we land about... 

This one 

Now this run was made kee, ng the left; wing low, about 2 deg, and 
heading not more than 10 deg different from the runway heading, a t  l o w  
attitude, working on the rudder t o  t ry  t o  keep the runway heading. 

OK, this run w85 made...of course I couldn't see the runway with that 
20 deg difference Df heading. ..SO I made the approach with 2 deg l e f t  wing 
lcrw t o  keep a head- of 10 deg difference to the runway and then i n  short 
while I added a l i t t l e  more rudder and the landing seemed t o  be good and I 
controlled the plene well. 
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OK, on this failme, I ha& full rudder t o  the left  and 10 deg of s l i p  
and the difference from a l l  engine that we have seen i n  crossvdnd i s  that 
you cannot control it any mre i n  this axis with the rudder. 

T h a t  failure was made about 300 ft,  a t  '70 kt, flying 8 deg pitch down 
and there is  much difference. You can control it but mybe the aileron seems 
t o  be very sluggish for that  kind of control but you can, w i t h  aileron and 
rudder, keep the heading of the rummy. 

OK, that was about the same as the run before. I t r ied to fly that 
plane without trimming because it seemed like there was not enough time t o  
t r i m  the plane laterally and ma@@ it's because the button is  not well 
placed, so I had oscillation i n  pitch and r o l l  and I had about 75 k t  so the 
ailerons seemed a l i t t l e  better. 

This was much better, the same condition, 70 k t  buL. with 0 deg of pitch 
and it seems vexy much better than when you have -8 deg. 

OK, at  this time, that was the same failure as before but during the 
approach, I try t o  ham... that was a right-hand engine failtlre...I t r ied t o  
keep the rudder haLf way of the maxim movement md i n  that case you should 
feel  that the roll control is  much better. 

On this run with turbulence, I have enough rudder, on the.ler't, and 
I don't know why but I seem t o  actually be at 80 kt, maybe i t ' s  because 
I had too many runs with 4 deg pitch down before. This time I tr ied t o  
keep mre a*leron, and t r ied t o  keep the rudder half way on the le f t ,  but 
i t ' s  very difficult  because you have t o  use rudder t o  keep the rum??) 
heading and so sometimes you have a mre  lucky engine, soretimes not. 

OK, a t  this time, I didn't have t o  use too mch rudder duying the 
approach and up t o  flare altitude; and when I added power I I n s t  the control 
in roll .  
t o  have a t r i m  rudder. 

I think there the first thing that is  missing on this plane i s '  

We made some runs starting a t  Y O  f t  and offset off the centerline of 
the runway of 5CO ft. Using 
a 20 deg heading change, and using much rudder t o  come back on the center- 
line. 
330 f t  i n  calm a i r  and the plane flying '(0 kt  seems to tolerate it well and 
has good maneuverability. 

There 1s not too much problem t o  come back. 

We think this offset i s  maybe too large, we ask for an offset of 

The f'irst maneuver with the right engine failed a t  p k t  and tr ied t o  
come back on the centerline, and it 's not too easy, and very dangerous. 
The left engine ones, I had 20 deg sideslip and I could not do anything. 

OK, I cane back well on the centerline w i t h  the l e f t  engine failed and 
on reaching the centerline, I tried to Leep it but I had about 15 to  20 deg 
of s l i p .  

OK, in t h e  next run which was a r i g h t  engine failure, 70 kt ,  400 ft, 
rnd coming back on the centerline almost only witi, rudder, keeping the 
wings level - that's not too bad. 
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